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Executive Summary

This Uniform Federal Policy-Quality Assurance Project Plan (UFP-QAPP) presents the data quality objectives
(DQO:s), analytical program, and methodology for remedial investigation (RI) activities for Operable Unit (OU) 2—
Vapor Intrusion (VI) Pathway at the St. Louis Ordnance Plant, former Hanley Area, in St. Louis, Missouri. This UFP-
QAPP includes a project-specific field sampling plan (FSP; Appendix C) and a site safety and health plan
(Appendix D). The UFP-QAPP was prepared under Contract No. W912DQ-11-D-3005, Task Order 0009, between
the U.S. Army Corps of Engineers (USACE)—Kansas City District and CH2M HILL.

Response actions at the former Hanley Area are divided into two OUs:

e QU-1: Actions Addressing Contaminated Soil, Powder Well Sediment, and Groundwater Concerns
e QU-2: VI Pathway

OU-1 response actions were presented in a decision document (CH2M HILL 2011a) and performed in 2012
(CH2M HILL 2012a). The Army is currently performing long-term management (LTM) activities under OU-1.
OU-2 Rl activities are the subject of this UFP-QAPP.

Project Background

The St. Louis Ordnance Plant operated from 1941 to 1945 as a small arms manufacturing facility. The plant was
divided into two areas designated No.1 (east of Goodfellow Boulevard) and No. 2 (west of Goodfellow
Boulevard). The former Hanley Area consists of 14.68 acres at the northeastern end of Plant Area No. 2 at the
intersection of Stratford Avenue and Goodfellow Boulevard. The former Hanley Area takes its name from
Hanley Industries, Inc., which leased the 14.68 acres in 1959 and conducted operations there through 1979.
Hanley used the site for research, development, manufacture, and testing of various explosives.

The former Hanley Area is bordered by the Job Corps Training Center on the west and residential areas to the
north, west, and southwest. The area to the east, across Goodfellow Boulevard from the site, is now owned by
the General Services Administration.

Ammunition and explosives manufacturing operations at the former Hanley Area resulted in soil and sediment
contamination onsite and groundwater contamination onsite and offsite. Between 1979 and 2007, various
environmental investigations were performed at the former Hanley Area to assess the nature and extent of
contamination. In 2008, the Army conducted an Rl to fill data gaps from the previous investigations. The R
objectives were to delineate the nature and extent of contamination and to characterize the risk, if any, posed
to human health and the environment at the site. Results from the 2008 Rl and previous investigations were
presented and discussed in the Rl report (CH2M HILL 2009).

To address unacceptable human health risks identified in the Rl report, the Army performed a remedial action
for OU-1in 2012. The OU-1 remedial action addressed contamination in surface soil, powder well sediment,
and groundwater. During the OU-1 remedial action, several VI investigations were performed at various
residences north of Stratford Avenue resulting in no conclusive link between former Hanley Area groundwater
contaminants and indoor vapors. However, because offsite groundwater contamination remains, and the
potential for contaminant migration into offsite residences and non-residential buildings exists, additional VI
pathway investigations will be required. The VI pathway is the focus of OU-2 and the subject of this UFP-QAPP.

Project Objectives and Approach

The primary objective for OU-2 is to evaluate the VI pathway and implement appropriate remedial actions, if
necessary, to protect human health and the environment. The project stakeholders held an OU-2 strategy
meeting in Kansas City to develop RI- and feasibility study (FS)-specific objectives and discuss the technical
approach for the RI/FS. Attendees at the meeting represented USACE, U.S. Army Environmental Command
(USAEC), 88th Regional Support Command (RSC), CH2M HILL, Missouri Department of Natural Resources
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(MDNR), Missouri Department of Health and Senior Services (MDHSS), and U.S. Environmental Protection
Agency (USEPA) Region 7. The stakeholders discussed the following RI/FS objectives:

e Determine whether VI of site-related volatile organic compounds (VOCs) is occurring and is significant at
offsite residences.

e Determine whether VI of site-related VOCs could potentially occur to a significant extent in the future at
offsite residences.

e Maintain proactive communication and responsiveness to the public throughout the OU-2 RI/FS.
e Obtain sufficient Rl data to develop remedial alternatives during the FS (if needed).
e Develop a decision matrix that includes short-term and long-term response actions.

To achieve the objectives, the Rl will assess the VI pathway at select offsite residences north of the former
Hanley Area. In addition, the RI will assess potential VI impacts in the main onsite tunnel system and, if
accessible, a small utility tunnel that is suspected to connect former Building 220 with a nearby Job Corps
building (described as “Transformer Station” in Figure 2), as well as potential VI impacts associated with
Plume C, an onsite groundwater plume consisting primarily of carbon tetrachloride (CT), near the Job Corps
training facility located west of the former Hanley Area. Work in the areas (residences north of the former
Hanley Area, near Plume C, and in the tunnel system) will be performed in a phased approach; the
stakeholders will use the results from the initial phase to determine the scope of additional work, if necessary,
during subsequent phases of investigation.

The proposed subslab soil gas, indoor and outdoor air, tunnel air sampling, and groundwater sampling will be
conducted in accordance with this UFP-QAPP, the FSP (Appendix C), and the site safety and health plan
(Appendix D).
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A2LA American Association of Laboratory Accreditation
ADR automatic data review
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ASTM ASTM International
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CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
coc chemical of concern

COPC chemical of potential concern
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L liter
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LSOP laboratory standard operating procedure

LTM long-term management

LUC land use control

LUCIP LUC Implementation Plan

MDHSS Missouri Department of Health and Senior Services
MDNR Missouri Department of Natural Resources

MPC measurement performance criteria

MS matrix spike
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MSD matrix spike duplicate

MSSL medium-specific screening level

ug/m? microgram per cubic meter

pg/L micrograms per liter

NA not applicable

NIST National Institute Standards and Technology
OSHA Occupational Safety and Health Administration
OSWER Office of Solid Waste and Emergency Response
ou operable unit

PARCCS precision, accuracy, representativeness, comparability, completeness, and sensitivity
PCE tetrachloroethene

PDF portable document format

PM project manager

PP private property

PQO project quality objective

QA quality assurance

QAPP quality assurance project plan

QcC quality control

Qsm Quality Systems Manual

%R percent recovery

RAGS Risk Assessment Guidance for Superfund
RAL Removal Action Level

RF response factor

RfC reference concentration

RfD reference dose

RI remedial investigation

RL reporting limit

ROE right of entry

RPD relative percent difference

RRC Regional Readiness Command

RSC Regional Support Command

RSD relative standard deviation

RT retention time

RRT relative retention time

RSL Regional Screening Level

SEDD Stage 2A electronic data deliverable

SIM selective ion mode

SLAAP St. Louis Army Ammunition Plant

SOP standard operating procedure

TBD to be determined

TCA trichloroethane

TCE trichloroethene
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Verifies that the QAPP requirements are met by
the laboratory and field staff. Also, provides
direction regarding requirements for corrective
actions for field and analytical issues; evaluates
and releases validated analytical results to the
CH2M HILL PM.
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Communication Contact Procedure
Drivers Organization Name Information (Timing, Pathways, etc.)

Health and safety CH2M HILL health and Mark Orman (414) 847-0597  Supports the CH2M HILL project team by

issues safety manager developing site safety and health
requirements; approves activity hazard
analyses; conducts field audit(s).

Primary point of  Empirical Laboratories Sonya Gordo (877) 345-1113  Primary point of contact for Empirical

contact for PM Laboratories. Receives direction from
Empirical CH2M HILL. Responsible for ensuring the QAPP
Laboratories requirements are met by the laboratory.
Primary point of  Applied Sciences Ben Thompson  (541) 768-3132  Primary point of contact for Applied Sciences
contact for Laboratory PM Laboratory receives direction from CH2M HILL.
Applied Sciences Responsible for ensuring the QAPP

Laboratory requirements are met by the laboratory.

8 ES120313193830MKE



Worksheet #9—Project Scoping Session
Participants Sheet

Operable Unit 2—Vapor Intrusion Strategy Meeting

A meeting was held on September 19, 2012, at the USACE—Kansas City District office, to discuss the VI pathway
strategy for OU-2 at the St. Louis Ordnance Plant, former Hanley Area. The following is the agenda presented
during the meeting:

e Introduction and Background

e Roles and Responsibilities

e  Current Status of OU-2 Activities

e QU-2 Proposed Approach

e 0U-2 remedial investigation (RI)/feasibility study (FS) Schedule for FY13-FY14
e Conclusion/Wrap Up

The attendee list, meeting minutes, figure, and slide presentation are provided in Appendix A. Stakeholder
endorsement of the Rl approach was achieved during the OU-2 strategy meeting, and the key decisions are
summarized in the following paragraphs.

A phased approach, or “follow-the-evidence-approach,” will be performed during the OU-2 RI. The first phase
of the RI will begin by assessing shallow groundwater conditions (that is, groundwater at its first occurrence)
near residences located immediately downgradient of the former Hanley Area. Volatile organic compound
(VOC) concentrations in groundwater will be compared against conservative risk-based VI screening levels
(VISLs). Based on results of the groundwater investigation, a VI assessment at the nearby residences located
within 100 feet of groundwater VOC concentrations above VISLs may be conducted.

Colocated shallow and deep overburden monitoring well pairs will be installed along Stratford Avenue to
refine the understanding of VOC contamination and groundwater flow direction and gradient north and
northwest of the former Hanley Area. Shallow wells will be installed near MW-107, MW-108, and MW-109
because the wells were installed at the overburden/weathered shale contact and their well screens are fully
submerged.

The newly proposed onsite colocated well pair west of MW-118 will assess the potential for VI onto Job Corps
property and to confirm the adequacy of the land use control (LUC) boundaries.

At the request of MDNR, a colocated well pair will be installed further west of the originally-proposed
colocated well pairs along Stratford Avenue. The Army agreed to install this additional colocated well pair
under the condition that the analytical results at this colocated well pair would not necessarily trigger the need
for additional monitoring wells or VI assessments; that determination would be based on the results from the
colocated pair and others further east (closer to the former Hanley Area).

Concurrent with the groundwater investigation, VI assessments will be conducted at Private Property (PP)-2
through PP-5 and PP-17. The Army has completed at least one VI assessment at PP-1 through PP-3 and PP-17.
The Army was unable to conduct a VI assessment at PP-4 because the owner did not respond to the Army’s
right-of-entry (ROE) requests in 2012. Because of the historical groundwater concentrations at monitoring well
MW-109 (trichloroethene [TCE] slightly exceeded the VISL of 1.1 micrograms per liter [ug/L] between April
2007 and December 2011), a VI assessment will be conducted at PP-5 (subject to ROE acceptance), located
within 50 feet of MW-109. The VI pathway will be assessed by performing three rounds of VI assessments at
PP-2 through PP-5 and PP-17 (subject to ROE acceptance by the property owners).
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The screening criteria for groundwater, subslab soil gas, and indoor air were also presented during the strategy
meeting. In addition to reviewing other lines of evidence, sample results will be compared against the
following screening criteria:

Groundwater—In March 2012, USEPA released a VISL calculator that provides conservative default VISLs.
The VISLs (June 2013 update) for groundwater will be used and are based on residential (or
commercial/industrial) use, an attenuation factor of 0.001 for groundwater-to-indoor air, an excess lifetime
cancer risk (ELCR) of 1 x 106, and/or a noncancer hazard quotient (HQ) of 1.0.

Indoor and Outdoor Air—The target indoor air concentrations provided in the VISL calculator will be used and

based on the ELCR and HQ identified above. Tunnel air sample results will also be evaluated using the ELCR and
HQ identified above. Outdoor air data will be used for comparison with indoor air concentrations to determine
if the measured indoor air concentrations are associated with outdoor air infiltration.

Subslab Soil Gas—The target subslab and exterior soil gas concentrations provided in the VISL calculator will
be used and based on the ELCR and HQ identified above. The target subslab soil gas is the target indoor air
concentration divided by the USEPA generic attenuation factor for soil gas (default value = 0.1).

The following action items were identified during the meeting:

e The Army will determine whether the upcoming community outreach effort will be a public availability
session or an updated fact sheet and letter to the public.

e Josephine Newton-Lund/USACE will contact Rosalind Portis of the Job Corps to request holding a future
public availability sessions at the Job Corps facility.

e CH2M HILL will prepare an OU-2 work plan that incorporates the discussions held during the OU-2
strategy meeting.

e Jonathan Harrington/USAEC will discuss the possible investigation of a nearby day care facility with USAEC
management. This topic was broached by MDHSS during the meeting.

Day Care Center Investigation Approach

In response to discussions at the September 19, 2012, meeting, the Army developed an investigation approach
for the day care center. Representatives from USAEC (Jonathan Harrington), 88th RSC (Barry McFarland),
USACE (Josephine Newton-Lund), and CH2M HILL (Chris English, Loren Lund, and Anthony Swierczek)
participated in a teleconference on September 26, 2012. The investigation approach was subsequently
discussed among technical experts and senior management within USACE and USAEC. All parties endorsed the
investigation approach.

To maintain a focused, “follow-the-evidence” approach, the Army will perform an investigation at the day care
center under the following conditions:

e The Army will install and sample groundwater monitoring wells along Stratford Avenue as discussed during
the September 19, 2012, OU-2 strategy meeting and described above.

e If any site-related VOCs exceed VISLs in the shallowest water-producing well pairs at MW-107, MW-108, or
MW-109, an investigation at the day care center will be performed as follows:

— Install a colocated well pair south of the day care center, along the easement of Henner Avenue.

— Install a second colocated well pair west of the day care center in the easement of an existing
alleyway.

— Following development, the wells will initially be sampled for only the VOCs that exceeded VISLs in the
shallowest water-producing wells in each well pair at MW-107, MW-108, and MW-109 along
Stratford Avenue. The approach will help in determining if there is a potential exposure pathway
between the former Hanley Area and the day care center, and whether the former Hanley Area,
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rather than other properties closer to the day care center that also could be VOC sources, is a likely
source of any potential contamination. Due to temporal variability observed with 1,2-dichloroethane
(DCA) concentrations in MW-107, the wells should be sampled on at least two occasions separated by
a minimum of 3 months between sampling events.

— If the wells do not contain target VOC concentrations above VISLs, the Army will consider abandoning
the monitoring wells or allow the regulators to sample the wells during future sampling events. Under
this scenario, as there would be no detections from upgradient Army monitoring wells to indicate the
former Hanley Area as a source of other VOCs that may be found above VISLs in samples collected by
the regulators, the Army will not be responsible for additional investigations into the source of such
contamination.

— If the wells do contain target VOC concentrations above VISLs, the Army and project stakeholders will
discuss the appropriate next steps in the investigation. Follow-on investigation measures would likely
involve concurrent indoor air, outdoor air, and subslab soil gas sampling at the day care center.

If none of the concentrations of site-related VOCs exceed VISLs in the shallowest water-producing well pairs at
MW-107, MW-108, or MW-109, or if deep wells contain VOCs above VI screening levels, but the corresponding
shallow wells do not, then no investigation will be performed at the day care center. The procedure is
appropriate because VOCs are not migrating along the water table downgradient of Stratford Avenue, toward
the day care center, and therefore could not contribute to VI at the day care center.

The Army presented the approach above in a technical document titled Investigation Approach for Day Care
Center at 4725 Goodfellow Boulevard, St. Louis, Missouri (CH2M HILL 2012b). The Army submitted the
technical document to MDNR and USEPA for review on October 22, 2012.

Missouri Department of Natural Resources Feedback on
Day Care Center Investigation Approach

After reviewing the day care center investigation approach technical paper, MDNR sent a letter to USACE—
Kansas City District on November 8, 2012, concurring with the investigation approach and requesting one
additional monitoring well in the alley near PP-11. MDNR noted that the well would provide additional
information on groundwater flow in the area of concern (Stratford Avenue, Henner Avenue, Irving Avenue, and
Goodfellow Boulevard), and analytical results from the well would provide an additional line of evidence
regarding whether the former Hanley Area is potentially impacting groundwater near the day care center.

In response to MDNR’s request, the Army will install a colocated well pair in the alley near PP-11 under the
same conditions as the other two well pairs associated with the day care center investigation. If installed, the
colocated well pair near PP-11 will be developed and sampled identically to the other well pairs associated
with the day care center investigation.

Interim Vapor Intrusion Mitigation Approach

After reviewing Army responses to MDNR and MDHSS comments on the draft final OU-2 work plan, MDNR
sent a letter to USACE—Kansas City District on March 13, 2013. Feedback received from MDNR and MDHSS on
the VI assessment approach discussed concerns regarding prompt mitigation at residences where
contaminants from the former Hanley Area may be contributing to VOCs in indoor air. As discussed in the
June 21, 2013, Army correspondence to MDNR, the Army will be prepared to promptly implement an interim
remedy at residences with excessive risk that may be caused by contamination from the former Hanley Area.
The decision to implement an interim remedy will be made in accordance with the flow diagram presented as
Figure 13 in the OU-2 work plan.

The Army will be prepared to promptly implement an interim remedy in the event that site-related
contaminants are resulting in excessive risk. The interim remedy is defined in the following paragraphs.
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If the OU-2 decision document recommends no action for that residence (for instance, because subsequent
OU-2 investigations indicate that the exceeding concentrations are actually caused by background sources and
are not site-related), the Army will notify the resident that the interim remedy will be terminated, but that the
selected interim remedy (that is, air purifier unit) can continue to be operated by the resident under the
condition that the Army would not be responsible for further maintenance costs (including reimbursement of
power costs) associated with the interim remedy.

The decision logic for implementing an interim remedy is based on the following rationale:

1.

The Army will consider an interim remedy for contamination that appears to be site-related, based on
multiple lines of evidence presented in the OU-2 Rl work plan and summarized in the notes of Figure 13.
The Army will not be responsible for mitigating indoor air contamination that can be attributed to
background sources. However, the Army will promptly share its findings with the resident and note the
possible background sources that the resident can then address.

In the decision logic, “excessive risk” will correspond to site-related VOC concentrations that exceed risk
levels defined by USEPA’s Office of Solid Waste and Emergency Response (OSWER) for the development of
Removal Action Levels (RALs) (USEPA 2008). Site-related VOC concentrations will be compared against
screening levels corresponding to the following target risk levels. Concentrations above the screening
levels will indicate excessive risk and the need for interim action:

a. Carcinogenic effects: a residential individual excess lifetime cancer risk of 1 x 10*. A 10 risk level
corresponds to the upper end of USEPA’s acceptable risk range of 10° to 10* as discussed in the
National Oil and Hazardous Substances Pollution Contingency Plan.

b. Noncarcinogenic effects: an HQ of 3 for residential land use. As noted in the OSWER memorandum,
an HQ of 3 represents the upper end of the uncertainty surrounding the reference dose (RfD) and
reference concentration (RfC), which are used to assess the potential for a toxic effect. As noted by
OWSER (USEPA 2008):

Given the order of magnitude uncertainty surrounding the RfD and RfC, and the fact that RALs
are not meant to define protective levels, generic RALs calculated using USEPA’s RfDs and RfCs
correspond to an HQ of 3. As a science policy choice, OSWER selected an HQ of 3 as the target
risk level for the noncancer RALs to distinguish the values from cleanup levels commonly set at
an HQ of 1. Calculated RALs are set at a higher risk level because they are not meant as
cleanup level; instead, RALs support the need for a removal action.

The Army will consider provisional short-term action levels for TCE in determining whether to implement
an interim action. These action levels are based on the potential occurrence of developmental health
effects (fetal cardiac malformations) related to exposures to pregnant women during the first trimester of
pregnancy. Guidance for how the short-term limits should be used in VI assessments and subsequent
remedial/mitigation responses is extremely limited, making it difficult for stakeholders to determine how
much confidence to place in these provisional short-term action levels. The Army will discuss indoor air
TCE concentrations with MDNR to determine an appropriate next step if indoor air concentrations of TCE
exceed one or more of the provisional short-term action levels for TCE that are used by USEPA to make risk
management decisions.

If site-related VOCs indicate excessive risk or if site-related concentrations exceed provisional short-term
action levels for TCE (as agreed upon by the Army and MDNR), the Army may immediately (within 1 week)
collect another round of indoor air samples on a rapid-turnaround basis (5 business days) or perform an indoor
HAPSITE survey to confirm the findings. Alternatively, the Army may forego the confirmation sampling or
HAPSITE survey and implement the interim action.

12
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Site Location and Description

Former Hanley Area

The former Hanley Area is located in the Mark Twain/1-70 Industrial neighborhood. The Mark Twain/I-70
Industrial neighborhood is bounded by I-70 to the north, Natural Bridge Avenue to the south, North
Kingshighway Boulevard to the east, and Philbrook Avenue to the west. The former Hanley Area (Army Reserve
Facility ID MOO030, 6400 Stratford Avenue) consists of 14.68 acres on the western boundary of the city limits of
St. Louis, 0.25 mile south of the intersection of I-70 and Goodfellow Boulevard (Figure 1). It is adjacent to the
northern part of the Sverdrup U.S. Army Reserve Center (Facility ID MO028) at 4301 Goodfellow Boulevard in

St. Louis. The 89th Regional Readiness Command (RRC) owned the former Hanley Area until it was disestablished
in June 2009. The 88th RSC now owns the area and occupies the Center.

The site consists of a relatively flat terrace that slopes steeply down to Goodfellow Boulevard to the east and
Stratford Avenue on the north. The site elevation ranges from 532 to more than 558 feet above mean sea level
(amsl). Elevation changes by more than 18 feet between the northern part of the site and Stratford Avenue
(Figure 2).

The St. Louis Ordnance Plant operated from 1941 to 1945 as a small arms ammunition production facility,
producing primarily .30- and .50-caliber ammunition. The plant was divided into two areas designated No. 1
(east of Goodfellow Boulevard) and No. 2 (west of Goodfellow Boulevard). Plant Area No. 2 encompassed
27.68 acres. The former Hanley Area consists of the 14.68 acres at the northeastern end of Plant Area No. 2 at
the intersection of Stratford Avenue and Goodfellow Boulevard (Figure 2). Production in the former Hanley
Area consisted of blending of primary explosives, incendiary compounds, and the tracer charging of .30- and
.50-caliber projectiles as part of the assembly of the final product. Powder wells installed in 1941 received
wastewater from buildings and magazines until 1945. The powder wells collected sediment before the
wastewater was discharged to the sanitary sewer.

From 1945 through 1959, the U.S. Army Adjutant General’s Office used some buildings within Plant Area No. 2
to maintain service records. The Department of Defense (DoD) Finance Center used other buildings within
Plant Area No. 2 as classrooms.

The Hanley Area is named for Hanley Industries, Inc., which leased the property in 1959 and conducted
operations there through 1979. Hanley used the site for research, development, manufacture, and testing of
explosives. It produced specialty ordnance and nonordnance devices for the U.S. military and the National
Aeronautics and Space Administration. Hanley used most of the buildings to load detonators and primers and
to mix explosives. Explosives were dried in magazines by leaving cans of explosives exposed to the air. A lead
azide reactor was operated in one of the magazines, the location of which is unknown. Hanley reportedly did
not use the powder wells or sumps on the property for wastewater disposal.

The Goodfellow U.S. Army Reserve Center (now the Sverdrup U.S. Army Reserve Center) was established on
the remaining 13 acres of Plant Area No. 2. Some of the western parts of that area were transferred to the

U.S. Department of Labor and are occupied by the Job Corps Training Center. Most of the Hanley Area housed
various warehouse buildings, bunkers, and related buildings. Between 2004 and 2007, a contractor demolished
buildings and bunkers, except for Buildings 219A, 219D, 219G, and 236, for the 89th RRC, the former property
owner. According to the 88th RSC, Buildings 219A, 219D, and 236 are used for storage. Building 219G is
occupied during business hours, and the site is completely fenced (partially with iron fencing, the balance with
a 6-foot-tall chain-link fence).

The site contains underground rooms (basements and bunkers), tunnels for service utilities, and a combined
underground wastewater and stormwater collection system. The underground structures are intact. According
to the October 2001 Preliminary Assessment/Site Inspection Report (TapanAm 2001), very little water was
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observed in the tunnel system south of former Building 220. The floor of the tunnels is 10 to 12 feet below
ground (U.S. Army Toxic and Hazardous Materials Agency 1991).

Offsite Properties

Job Corps Training Center West of the Former Hanley Area. The Job Corps Training Center lies west of
the site. Buildings on Job Corps property consist of student dormitories, a gymnasium, several buildings for
student training/education, and administrative buildings. The Job Corps buildings immediately adjacent to the
north part of the former Hanley appear to consist of a small welding shop (depicted as Building 224—
Transformer Station in Figure 2), and a student dormitory.

Residential Properties North of the Former Hanley Area. Residential properties north of the former
Hanley Area, across Stratford Avenue, are designated as a “neighborhood preservation area” by the St. Louis
Planning and Urban Design Agency (2009). Parcels north of the former Hanley Area that lie along Goodfellow
Boulevard are designated as a “neighborhood commercial area” (St. Louis Planning and Urban Design Agency
2009). Twenty-nine single-family raised ranch-style homes are located north of the former Hanley Area within
a block defined by Stratford Avenue to the south, Goodfellow Boulevard to the east, Henner Avenue to the
north, and Irving Drive to the west (Figure 3). Walk-out basements were noted during previous investigations
at several residences north of the former Hanley Area. Each residence is situated on lots that are generally less
than 0.15 acre.

Day Care Center and Adjacent Nonresidential Properties North of the Former Hanley Area. A day
care center is present on the north side of Henner Avenue at its intersection with Goodfellow Boulevard
(Figure 3). The building footprint is approximately 3,500 square feet. Based on building permits issued by the
City of St. Louis®, the day care center at 4725 Goodfellow Boulevard has been in operation since at least 1997.

The day care center lies adjacent to the following commercial and industrial properties to the north, south,
and east:

e A car wash/auto repair shop (4729 Goodfellow Boulevard) is immediately to the north of the day care
center and northeast of the former Hanley Area. A review of St. Louis building permits indicate that the
property has operated as an auto repair shop since at least 1999.

e Arestaurant, Goodfellow Chop Suey (4719 Goodfellow Boulevard), lies south of the day care center, across
Henner Avenue, and northeast of the former Hanley Area. A review of St. Louis building permits indicates
that the property was formerly operated as a convenience store (Goodfellow Quick Shop).

e The St. Louis Army Ammunition Plant (SLAAP) is a 21-acre industrial area that lies across
Goodfellow Boulevard, east of the day care center and northeast of the former Hanley Area. A search of
MDNR’s online records? indicates that an underground storage tank site lies on the SLAAP site. During its
review of the OU-2 UFP-QAPP, MDNR notified the Army that the underground storage tank was removed
and closure was completed.

Site Characteristics
Climate

Weather conditions in the St. Louis area vary widely, because of the alternating passage of warm, moist air
masses from the Gulf of Mexico and cold, dry air masses from the arctic. During the summer, hot, moist air
dominates, with an average temperature of 77 degrees Fahrenheit, and 37 days with highs over

90 degrees Fahrenheit. Winters are cold, with an average temperature of 33 degrees Fahrenheit and an
average of 18 inches of snowfall a year. Winter is the driest part of the year, with an average of 6 inches of
precipitation. Spring is the wettest, with an average precipitation of 10.5 inches. The annual precipitation

1 http://dynamic.stlouis-mo.gov/addressSearch/
2 http://www.dnr.mo.gov/internetmapviewer/makemap.map?select=ws17,NRDSDEP4.WASTE.BLW _GRD TANKS.OBJECTID,3277
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average for St. Louis is 33.8 inches (National Oceanic and Atmospheric Administration 2007). According to data
provided by the National Climatic Data Center, average annual wind speed in the St. Louis area is 10 miles per
hour, with a prevailing wind direction of west-northwest (National Climatic Data Center 1998).

Topography

The site and adjacent properties are located in northern St. Louis, which lies in the dissected till plains region
of the Central Lowlands Physiographic Province (Miller et al. 1974). Topography of the Dissected Till Plains
Province is gently sloping, with elevations ranging from 500 to 700 feet amsl. Local slopes are the result of
dissection of the plains and the general dip of the plain, which is to the northeast.

The former Hanley Area consists of a relatively flat terrace, which slopes steeply down to Goodfellow
Boulevard to the east and Stratford Avenue on the north. There is evidence of grading, with high points cut
and low areas filled to generally level the site. Based on survey data collected at the site, the elevations there
range from 532 to more than 558 feet. An elevation change (greater than 18 feet) occurs between the
northern part of the site and Stratford Avenue.

Based on observations made during previous investigations conducted at the former Hanley Area, the surface
topography immediately north of the former Hanley Area is relatively flat. The topography slopes gently
upward to the west between Stratford Avenue and Goodfellow Boulevard and slopes downward to the west
near the intersection of Stratford Avenue and Irving Street (Figure 3). The topography is relatively flat to the
north between Stratford and Henner Avenues.

Geology

Overburden soils at the site consist primarily of lean clay. The soil lithology is relatively consistent across the
site. Fill material, including gravel, concrete rubble, brick debris, and sand were observed in portions of the site
as deep as 11 feet. Figure 4 shows the location of the cross section depicted in Figure 5.

Lean clay was observed roughly 20 to 25 feet below ground (514.2 to 509.3 feet amsl in elevation) in the north
part of the former Hanley Area. Discontinuous lenses of silt were observed within the lean clay. A fat clay layer
with discontinuous lenses of lean clay was observed to roughly 43 feet below ground at MW-115, decreasing in
thickness to the north until pinching out near MW-108. The fat clay layer was observed at roughly 22 feet
below ground at MW-117, 21 feet below ground at MW-107, 25 feet below ground at MW-108, and 25.5 feet
below ground at MW-109. A hard, dry, completely weathered shale with discontinuous lenses of silt and clay
underlies the clay.

The weathered shale is defined as considerably weakened rock that may behave as a soil but retains relict
texture (Geological Society Working Group 1995). The discontinuous lenses of silt and clay within the
weathered shale are likely the result of differential weathering along bedding planes, based on visual
observations during the 2008 field investigation in the north part of the former Hanley Area. The thickness of
the weathered shale ranges from 6 to 12 feet in boreholes advanced to depths at which the competent
bedrock was encountered (MW-116 and MW-117). Competent shale was encountered in well MW-116 at
34.0 feet below ground (500.3 feet amsl in elevation) and in MW-117 at 38.3 feet below ground (503.1 feet
amsl in elevation). When the soil boring at MW-117 was advanced, a coal layer roughly 6 inches thick was
observed at 45 feet below ground (496.4 feet amsl).

Hydrogeology

Groundwater is present within more permeable silt and clay lenses that are locally discontinuous within the
upper clay (lean clay) unit. The depth to groundwater within the lean clay is less than 1 foot below ground at
monitoring well MW-110 to more than 24 feet below ground upgradient of former Building 220.

Saturated conditions were not observed within the weathered shale underlying the clay unit. Groundwater
was encountered in a 6-inch saturated coal layer within the competent shale zone. Groundwater within the
coal does not appear to be hydraulically connected to groundwater observed in the discontinuous silt and clay
lenses. In December 2011, the groundwater level measured in MW-117, screened within competent shale, was
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roughly 4.4 feet lower than the groundwater level measured in MW-111, located 4 feet west of MW-117 and
screened in the overburden clay.

As shown in Figure 6, groundwater generally flows from the south and west to the northeast. The groundwater
level measurements collected during the 2008 Rl indicate that the horizontal groundwater gradients range
from 0.054 to 0.019 foot per foot in the northern part of the site and from 0.048 to 0.010 foot per foot in the
southern part. The gradients generally reflect those reported in the 2007 soil and groundwater remedial
investigation (USACE 2007). Based on a geotechnical analysis of site soils during the 2008 R, the hydraulic
conductivity in the lean and high-plasticity clay is relatively low, ranging from 1 x 10°to 107 centimeters per
second). Using an assumed porosity of 30 percent, the lowest and highest hydraulic gradients (0.019 and
0.054 foot per foot), and the lowest and highest measured hydraulic conductivities (2.3 x 10”7 and

3.1 x 10° cm/s) determined by ASTM International (ASTM) D5084, the calculated groundwater velocity ranges
from 0.79 to 5.77 feet per year (CH2M HILL 2009). Groundwater flow direction will be further investigated
because of the limited monitoring network northwest of the former Hanley Area.

In 2012, the Army conducted a transmissivity test on a monitoring well with the highest apparent yield (based
on previous purging records) to determine if the aquifer at the former Hanley Area is capable of producing
150 gallons per day, which USEPA considers as the minimum yield required to supply the needs of an average-
sized household (USEPA 1988a). Because MW-114 could not yield 75 gallons over a 12-hour period during the
pump test, it was concluded that MW-114 is not capable of yielding 150 gallons over a 24-hour period. Based on
the Class llIA groundwater classification and results of the transmissivity test at MW-114, potable use is not
considered a complete exposure pathway for groundwater.

Current and Potential Future Site and Resource Uses

The former Hanley Area consists of 14.68 acres and is used for industrial purposes. Onsite buildings and bunkers
have been demolished, with the exception of Buildings 219A, 219D, 219G, and 236. According to the 88th RSC,
only Building 219G is occupied. Buildings 236, 219A, and 219D are used for storage only. Building 219G is
occupied during business hours, and the site is completely fenced (partially with iron fencing and the
remaining with a 6-foot-tall chain-link fence).

The site is bordered by the Job Corps facility on the west and residential areas to the north, west, and
southwest. The area to the east was formerly part of the St. Louis Ordnance Plant and is now owned by the
General Service Administration. The 89th RRC owned the former Hanley Area until the 89th RRC was
disestablished in June 2009. The 88th RSC now owns the site and occupies the Sverdrup U.S. Army Reserve
Center south of the site. According to the City of St. Louis Zoning Department and Assessor’s Office, the

St. Louis Ordnance Plant encompasses 125 acres and includes the Job Corps facility to the west of the former
Hanley Area and Plant No. 2, and the property east of Goodfellow Boulevard (Plant No. 1). The entire site, as
described by the Zoning Department, is zoned industrial, commercial, and residential.

In 2005, the St. Louis Planning Commission adopted a strategic land use plan for the City of St. Louis. The plan
provides a roadmap for future development. It identifies established neighborhoods, historic districts, and
business areas that the City intends to maintain and enhance. It also identifies areas where future
development and land use changes are encouraged. The St. Louis Strategic Land Use Plan identifies the former
Hanley Area as a “business and industrial development area.” Neighboring parcels to the south and east are
similarly designated. Residential properties to the north of the former Hanley Area, across Stratford Avenue,
are designated as a “neighborhood preservation area.” Parcels north of the former Hanley Area that lie along
Goodfellow Boulevard are designated as a “neighborhood commercial area” (St. Louis Planning and Urban
Design Agency 2009). Although the General Services Administration and 88th RSC do not have immediate
plans for developing the property, the City of St. Louis has expressed interest in obtaining and redeveloping
the former Hanley Area in the future.

City-supplied drinking water is provided to residents and industries in the area. The city draws water from the
Mississippi River from intakes upstream of the site. At its closest point, the Mississippi River is located about

3 miles from the site. City of St. Louis Ordinance 66777 prohibits the use or attempted use of groundwater as a
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potable water supply and the drilling or installation of wells for a potable water supply within the corporate limits
of the City of St. Louis. Groundwater beneath the former Hanley Area is Class IlIA, meaning it is not a source of
drinking water based on insufficient yield, as discussed in Appendix A of the decision document for OU-1

(CH2M HILL 2011a).

Investigation History

Environmental investigations at the former Hanley Area have been conducted since 1979. In 2008, CH2M HILL
performed an Rl to fill remaining data gaps and to delineate the nature and extent of contamination at the
site. Results from the 2008 Rl and previous investigations were presented and discussed in the Rl report
(CH2M HILL 2009), which also presents human health and ecological risk assessment findings. Reports
documenting previous environmental investigations are available in the administrative record file for the
former Hanley Area, which is maintained at the Julia Davis Branch Library, 4415 Natural Bridge Avenue,

St. Louis, and is available for public review.

2008 RI

The Rl identified metals, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons in various media at
concentrations exceeding conservative screening levels. The Army addressed unacceptable risks associated
with these chemicals in an OU-1 remedial action in 2012 described later in this worksheet. Because metals,
polychlorinated biphenyls, and polycyclic aromatic hydrocarbons were addressed under OU-1, the chemicals
are not discussed in detail in this UFP-QAPP. Details regarding metals, polychlorinated biphenyls, and polycyclic
aromatic hydrocarbons are provided in the Rl report (CH2M HILL 2009).

Results from the 2008 Rl revealed dissolved-phase groundwater VOC contamination in the northern part of the
former Hanley Area. The apparent source of VOCs is the former Building 220 in the northern part of the site.
The contamination consists of three distinct plumes comprising one or more chlorinated VOCs. In addition,
other VOCs were detected at concentrations above screening levels in isolated occurrences within and around
the plumes. Results from the 2008 Rl and subsequent investigations are presented in Figure 7. Table 10-1
summarizes the monitoring well construction details for the existing monitoring wells.

Plume A. Tetrachloroethene (PCE), TCE, and cis-1,2-dichloroethene (DCE) make up Plume A. Spent product
likely was discharged into the sewer inlets on the southwest and northeast sides of the concrete loading slab at
the northeast corner of former Building 220. The sewer system downgradient and northeast of former
Building 220 is suspected to be the primary source of Plume A. The presence of TCE and cis-1,2-DCE may be
attributed to reductive dechlorination of PCE. There is no historical record of a single large spill, but sporadic
discharge of small quantities of spent product is assumed to have occurred. There is no known continuing
source of PCE. The depth of contamination is just below ground to the weathered shale interface at roughly
26 to 28 feet below ground.

Plume B. 1,2-DCA is encountered in Plume B, which is largely commingled with Plume A. The source of 1,2-DCA
in soil and groundwater is likely attributable to laboratory and maintenance shop activities conducted at
former Building 220. 1,2-DCA was used as a degreaser, paint remover, and as a constituent in scouring
compounds (Agency for Toxic Substances and Disease Registry 2005). Spent product likely was discharged into
the sewer inlets on the southwest and northeast sides of the concrete loading slab at the northeast corner of
former Building 220. Based on the location of 1,2-DCA in groundwater, leaks in the sewer system may have
contributed to the vertical and lateral migration of the contaminant, but they have not been clearly identified
as the potential point of release. There is no known continuing source of 1,2-DCA. The depth of contamination
is just below ground to the weathered shale interface at roughly 24 to 30 feet below ground.

During the 2010 predesign groundwater investigation (CH2M HILL 2011b) and subsequent groundwater
sampling events, 1,2-DCA was found in MW-106 and MW-107 at concentrations exceeding screening levels.
The exceeding concentration in MW-107 falls outside of the Plume B footprint shown in Figure 7. The Army will
further assess groundwater conditions in the area along Stratford Avenue as described in this UFP-QAPP.
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Plume C. Plume C, southwest of former Building 220, consists of commingled carbon tetrachloride (CT),
chloroform, and TCE. The source of Plume Cis unknown. CT and TCE appear to be the original constituents of
the plume, with chloroform present as a breakdown product of CT. The TCE does not appear to have degraded
anaerobically, as indicated by the lack of daughter products such as cis-1,2-DCE and vinyl chloride. The extent
of the plume is small but may not be fully delineated to the west and east. Groundwater samples collected
during the July and November 2012 OU-1 long-term management (LTM) groundwater sampling events at
monitoring well MW-118, within the core of the commingled CT and TCE plume, indicate CT and TCE
concentrations above the remediation goal for CT and above the risk-based threshold for TCE that were
established in the OU-1 decision document (CH2M HILL 2011b). Plume C has been delineated to the north and
south by monitoring wells MW-114 and MW-115, respectively. The depth to groundwater is greater than 10
feet, which is the maximum depth at which the groundwater direct contact pathway for construction workers is
considered complete. Contamination lies between the groundwater table to the overburden/weathered shale
interface at roughly 34 feet below ground.

The finding of VOCs in groundwater prompted the Army to perform several investigations of VI pathway as
summarized in the following subsection.

VI Investigations

The VI pathway was first investigated during the 2008 RI. In March 2008, groundwater samples were collected
from groundwater sampling points at residential properties north of Stratford Avenue: 6321, 6317, and 4701
(Figure 7). Attempts were made to collect soil gas samples from several locations at select residences along
Stratford Avenue. The tight expansive clays prevented soil gas from being drawn through the soil. After
deliberation with USACE and MDNR on March 21, 2008, it was determined that soil gas could not be collected
at the site due to tight expansive clays.

One-inch temporary piezometers were installed near the south side of two residences along Stratford Avenue
and near the south side of one residence located along Goodfellow Boulevard. Groundwater was expected to
be encountered at approximately 7 to 10 feet below ground; however, saturated conditions were not
encountered at this depth. Therefore, the temporary piezometers were installed at depths between 25 and

30 feet below ground. Groundwater grab samples were analyzed for VOCs, including the following chlorinated
VOCs of interest: PCE, TCE, cis-1,2-DCE, trans-1,2-DCE, vinyl chloride, and 1,2-DCA. VOCs were not detected in
groundwater samples, and they were not measured above VI screening levels.3

Indoor and outdoor air samples were collected from one residence—Private Property 2 (PP-2; Figure 3) in
March and May 2008. The residence was selected for indoor and outdoor air sampling because it is directly in
the path of potential contamination migration and is vacant, which reduces the risk of contamination from
outside sources. Indoor and outdoor air samples were analyzed for the following chlorinated VOCs of interest:
PCE, TCE, cis-1,2-DCE, trans-1,2-DCE, vinyl chloride, and 1,2-DCA. Three constituents (1,2-DCA, PCE, and TCE)
were found at concentrations above the USEPA Region 6 medium-specific screening levels (MSSLs) for ambient
air in samples collected from the basement or in both the basement and outdoor air. Only the indoor air
sample exhibited a TCE concentration greater than 1 microgram per cubic meter (ug/m?3), which was selected
as the low end of the acceptable risk level (between 1 and 10 ug/m?3) during a discussion between the Army,
MDNR, and USEPA on April 22, 2008. Based on the result, an additional round of air samples was collected
during the Rl in May 2008. Results from the May 2008 indoor and outdoor air samples indicated that risk due
to VI were not above regulatory targets at PP-2 at that time.

A predesign groundwater investigation was performed in August 2010. Groundwater samples were collected
from onsite and offsite monitoring wells and analyzed for VOCs. At MW-107, 1,2-DCA was measured at

22.7 ug/L, exceeding the maximum contaminant level of 5 pug/L. Because MW-107 is located within 50 feet of
PP-1, the Army and regulatory stakeholders agreed to perform a VI assessment at PP-1 consisting of indoor air,

3 VISLs are available at the following USEPA Web site: http://www.epa.gov/oswer/vaporintrusion/guidance.html#ltem6.

18 ES120313193830MKE


http://www.epa.gov/oswer/vaporintrusion/guidance.html%23Item6

WORKSHEET #10—CONCEPTUAL SITE MODEL

outdoor air, and subslab soil gas sampling. The stakeholders agreed that VI sampling would be performed at
PP-2, PP-3, and PP-4 contingent upon the results from PP-1. In addition, P-17 was investigated at the request of a
resident in response to a public meeting notification letter sent by the 88th RSC in November 2010. Both PP-1
and PP-17 were sampled in May 2011. Because the Army was able to collect subslab soil gas samples from the
residence, the Army initiated requests to the property owners to collect samples at PP-2, PP-3, and PP-4.

CH2M HILL performed VI assessments between May 2011 and June 2012 at the following residences shown in
Figure 3:

e PP-1(May 2011, December 2011, and June 2012)
e PP-2 (February 2012)

e PP-3 (February 2012)

e PP-17 (May 2011 and December 2011)

Each VI assessment consisted of completing building surveys and chemical inventories, subslab soil gas
sampling, and indoor and outdoor air sampling (Figure 3). Groundwater grab samples were collected in the
back yard and front yard of PP-17, and a HAPSITE investigation was conducted in PP-1.

A third attempt was made to sample PP-17 in June 2012. However, the resident was unable to commit to a
specific time in which the sampling team could enter the residence, so the assessment could not be
performed. PP-4 could not be sampled due to lack of response to ROE request letters.

Groundwater, subslab soil gas, and indoor air samples were analyzed for the following VOCs that exceeded the
historical drinking water USEPA Region 6 MSSLs during the 2008 RI:

e Benzene e Naphthalene

e (T e 1,1,1,2-tetrachloroethane (TeCA)
e Chloroform e 1,1,2,2-TeCA

e 12-DCA e 1,1,2-trichlroethane (TCA)

e is-1,2-DCE e PCE

e trans-1,2-DCE e TCE

e Methylene chloride e Vinyl chloride

The MSSLs were subsequently compared with and determined to be lower than the USEPA VISLs. 1,1,1,2-TeCA was
not included in the analyte list for subslab soil gas and indoor air and outdoor air samples because it is not
reported in the analyte list for Method TO-15 nor the Compendium Method TO-15 (USEPA 1999), which adds
compounds to the original Method TO-15. The omission of 1,1,1,2-TeCA in the reporting list is not considered a
data gap because the chemical has not been detected in any offsite groundwater samples. The detectable
presence of 1,1,1,2-TeCA was limited to one monitoring well, MW-111, located within the site boundaries of
the former Hanley Area, which has since been treated by soil mixing with zero-valent iron during the OU-1
remedial action. Methylene chloride (degradation product of CT) was added at MDNR’s request during the FS.

Results of the VI assessments are provided in technical memoranda for each respective residence, as
presented follows:

e May 2011 VI Assessment at PP-1, St. Louis, Missouri

e May 2011 VI Assessment at PP-17, St. Louis, Missouri
December 2011 VI Assessment at PP-1, St. Louis, Missouri
December 2011 VI Assessment at PP-17, St. Louis, Missouri
e February 2012 VI Assessment at PP-2, St. Louis, Missouri

e February 2012 VI Assessment at PP-3, St. Louis, Missouri

e June 2012 VI Assessment at PP-1, St. Louis, Missouri

Based on VI assessments performed at PP-1 in May 2011, December 2011, and June 2012, contamination from
the former Hanley Area does not appear to be contributing to VI and further near-term VI monitoring at PP-1
was deemed not warranted. Based on the results of the OU-2 RI, the Army will consider additional VI
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monitoring at PP-1 if the investigation indicates a potential connection between the former Hanley Area and
subslab soil gas beneath PP-1.

Additional VI assessments at PP-2 and PP-3 are needed to further assess whether contamination from the
former Hanley Area may be contributing to potential VI at the residences and to assess temporal variability,
which is consistent with USEPA (2002) VI guidance.

Figure 7 presents VOCs in groundwater at concentrations detected above VISLs.

Site Removal and Remedial Actions

Prior to the 2012 OU-1 remedial action, no remedial actions at the St. Louis Ordnance Plant had occurred.
However, decontamination efforts, removal of a leaking transformer, and demolition of buildings, bunkers,
and magazines have been completed throughout the site’s operational history.

To identify and implement appropriate remedial actions for site contamination and human health risks
identified in the 2008 RI, the Army followed the CERCLA process as described in the following subsections.

Feasibility Study

An FS was performed to develop and evaluate remedial alternatives that address potential unacceptable risks to
human health and the environment identified in the RI, and to meet applicable or relevant and appropriate
requirements. Remedial action objectives were established based on regulatory requirements, standards, and
guidance. Preliminary remediation goals were developed based on regulatory requirements, standards, and
guidance to meet the site-specific Remedial action objectives. General response actions were identified for the site
to develop remedial alternatives. Based on the risks present at the site, the following alternatives were developed:

e Alternative 1, No Action

e Alternative 2, In Situ Groundwater Treatment using Thermal Technologies, Soil and Powder Well Sediment
Removal, and Offsite Disposal

e Alternative 3, In Situ Groundwater Treatment and Soil and Powder Well Sediment Removal and Offsite Disposal

e Alternative 4, Groundwater Source Removal by Excavation, Soil and Powder Well Sediment Removal, and
Offsite Disposal

The alternatives were evaluated against seven feasibility evaluation criteria as defined in the National
Contingency Plan and CERCLA (CH2M HILL 2010).

Proposed Plan

The proposed plan for the former Hanley Area was released for public comment on November 29, 2010.
The 30-day public comment period ended on December 29, 2010. The proposed plan identified in situ
groundwater treatment using chemical processes as the preferred alternative for groundwater remediation
and soil mixing and soil and powder well sediment removal with offsite disposal as the preferred alternative
for soil remediation.

A public meeting regarding the proposed plan was held on December 13, 2010, at the Julia Davis Branch
Library in St. Louis, Missouri. Information regarding the site and the remedy was available at the public
meeting, and representatives from the Army, MDNR, and USEPA were present to answer questions from the
public. No comments were received from the public during the public comment period or at the public
availability session.

OU-1 Decision Document
During development of the decision document, the Army divided the remedy at the former Hanley Area into
two OUs in consultation with MDNR and USEPA:

e QU-1: Actions Addressing Contaminated Soil, Powder Well Sediment, and Groundwater Concerns
e QU-2: VI Pathway
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The decision document for OU-1 was signed by USAEC on September 26, 2011. The selected remedy for OU-1
would address areas of soil and groundwater contamination that potentially posed unacceptable risks to
human health. It consisted of the following components: soil removal and offsite disposal; removal and offsite
disposal of sediment (if sediment is observed) at 22 powder well locations; in situ groundwater treatment
using chemical processes and soil mixing—Plume A; groundwater monitoring within Plume Cin an area
contaminated with CT; LUCs; and five-year performance reviews. Remediation goals for soil and groundwater
were identified in the decision document. Remediation goals were not developed for the powder well
sediment during the FS because all of the sediment would be removed from the powder wells.

OU-1 Remedial Action

The selected remedy for OU-1 consisted of the components summarized in the following paragraphs.
Construction activities associated with the OU-1 remedial action are described in the Interim Remedial Action
Completion Report (CH2M HILL 2012a).

Soil removal and offsite disposal. During the Rl phase, MDNR, MDHSS, USEPA, and the Army agreed that
certain areas of surface soil with elevated arsenic, lead, and Aroclor 1260 concentrations would be removed
during the remedial action. Additional areas of surface soil contaminated with thallium were identified during
the FS phase and were also removed during the remedial action. Soil removal and offsite disposal were
completed in 2012.

Removal and offsite disposal of sediment at 22 powder well locations. Twenty-two of the 23 powder wells were
located during the remedial action. Sediment, debris, and liquids were removed from the powder wells,
characterized, and disposed of. Small arms ammunition was recovered from one of the powder wells and
transported offsite for disposal. Except for PW2, which could not be located in the field, each powder well was
filled with clean imported fill.

In situ groundwater treatment using chemical processes and soil mixing—Plume A, an area contaminated
with PCE. The area of groundwater contamination posing an unacceptable risk to construction workers was
treated by applying a chemical reductant, zero-valent iron, to soil and groundwater in place. Mechanical
mixing of the soil was performed to distribute the chemical amendment throughout the soil column within the
treatment zone.

Groundwater monitoring within Plume C, an area contaminated with CT. Data from groundwater monitoring will
confirm that the exposure pathway between construction workers and contaminated groundwater remains
incomplete because the depth to the groundwater table is greater than 10 feet below ground.

LUCs. LUCs will be implemented to address the following potential risk that is not being immediately mitigated
by other components of the selected remedy: construction worker direct contact with groundwater CT
concentrations exceeding the remediation goal in excavations within the Plume C footprint. The remediation
goal for CT was established in the OU-1 decision document (CH2M HILL 2011b). As stated above, remedial
action objectives associated with Plume A were addressed using chemical processes and soil mixing.

LUCs will be established over the Plume C footprint as long as CT concentrations remain above the
groundwater remediation goal. The LUCs will prohibit construction activities below the groundwater table
without proper health and safety training and personal protective equipment.

Five-year performance reviews. Five-year performance reviews will be conducted as long as hazardous
substances remain at the site at concentrations that do not allow unlimited use/unrestricted exposure, per the
National Contingency Plan. Site-specific conditions for achieving unlimited use/unrestricted exposure are
provided in Section 3.4 of the LTM/LUC Implementation Plan (LUCIP; CH2M HILL 2012c). Once the conditions
have been met, the Army will recommend terminating the five-year reviews, in consultation with MDNR and
USEPA and subject to approval by MDNR, the lead regulatory agency. Once MDNR approves of terminating the
five-year reviews, the basis for termination will be documented in a final five-year review report.
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The five-year review will consider all complete exposure pathways and chemicals of concern (COCs) that
remain above unrestricted use concentrations. The five-year review will also assess the effectiveness of LUCs in
protecting against onsite residential and industrial worker exposure to groundwater COCs.

Vapor Intrusion Pathway

The OU-1 remedial action addressed concerns related to soil, powder well sediment, and groundwater.
However, further investigation of shallow groundwater, indoor air, outdoor air, and subslab soil gas is needed
to assess whether site-related VOCs in groundwater are potentially migrating into subslab soil gas beneath
offsite structures, resulting in current or future indoor air impacts from VI. A conceptual site model

cross section showing the possible VI pathway is depicted in Figures 8 and 9. Characterizing this potential
pathway is the primary objective of the OU-2 RI.

TABLE 10-1

Permanent Monitoring Well Construction Summary
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Well Total Surface Riser Screened Filter Pack  Bentonite Grout
Well/ Date Diameter Depth Elevation Elevation Interval Interval Interval Interval
Piezometer Installed (inches) (ft bgs) (feet) (feet) (ft bgs) (ft bgs) (ft bgs) (ft bgs)
MW-106 01/22/05 2 35 545.26 544.93 15.0-35.0 12.0-35.0 7.0-12.0 3.0-7.0
MW-107 01/25/07 2 27 532.11 531.76 10.0-27.0 8.0-27.0 5.0-8.0 3.0-5.0
MW-108 01/25/07 2 27 534.48 534.17 10.0-27.0 8.0-27.0 5.0-8.0 3.0-5.0
MW-109 01/26/07 2 28 536.65 536.35 10.0-28.0 8.0-28.0 5.0-8.0 3.0-5.0
MW-110 01/25/07 2 28 534.97 534.67 10.0-28.0 8.0-28.0 5.0-8.0 3.0-5.0
MW-112 01/25/07 2 28 534.22 533.49 10.0-28.0 8.0-28.0 5.0-8.0 3.0-5.0
MW-113 01/26/07 2 27 537.75 537.25 10.0-27.0 8.0-27.0 5.0-8.0 3.0-5.0
MW-114 03/20/07 2 29 543.75 543.41 9.0-29.0 7.5-29.0 5.5-7.5 2.0-5.5
MW-115 05/19/08 2 43 557.64 560.66 33.0-43.0 31.0-43.0 29.0-31.0 0.0-29.0
MW-116 05/16/08 2 28 534.29 533.91 18.0-28.0 16.0-28.0 14.0-16.0 0.0-14.0
MW-118 08/11/10 2 36 553.55 553.31 26.0-36.0 24.0-36.0 22.0-24.0 1.0-22.0
MW-119 05/09/12 2 30 542.15 541.63 10.0-30.0 8.0-30.0 0.0-8.0 —

Note: MW-106 completed with concrete from 0.0-3.0 ft bgs; MW-107 through MW-110, MW-112, and MW-113
completed with concrete from 0.0-2.5 ft bgs and fine sand from 2.5-3.0 ft bgs; MW-111 and MW-114 completed with
concrete from 0.0-2.0 ft bgs.

— =Interval not completed with the specified material.

ft bgs = feet below ground surface
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Project Quality Objectives

Project quality objectives (PQOs) define the type, quantity, and quality of data that are needed to answer
project-specific questions and support project specific decisions. The PQOs were developed during the work
planning process, which included project stakeholders, as discussed in Worksheet #9.

Who will use the data?

Army stakeholders (88th RSC, USAEC, and USACE), MDNR, USEPA, and CH2M HILL, will use the data to support
the project-specific decisions to be made, as outlined in the Worksheet #11 tables (below) and to support the
project conceptual site model, as defined in Worksheet #10.

What will the data be used for?

The data will be used to evaluate the VI pathway at the former Hanley Area and select properties offsite to
determine if additional properties to the north require further investigation. More specifically, the OU-2 RI
phase of the data will provide information regarding site-related VOC concentrations in groundwater at the
former Hanley Area and in groundwater, subslab soil gas, and indoor air at properties north of the former
Hanley Area. Medium-specific data uses are as follows:

Utilize static water levels in groundwater monitoring wells to refine the potentiometric surface map,
providing an improved understanding of groundwater flow direction and gradient.

Evaluate groundwater analytical data to determine if site-related VOC concentrations exceed VISLs.
Further evaluate subslab soil gas and indoor air analytical data to determine if concentrations exceed VISLs.

Assess whether VOCs in subslab soil gas and indoor air are potentially related to releases from the former
Hanley Area. To assess possible sources of indoor air and subslab soil gas concentrations detected above
residential VISLs, the following lines of evidence will be considered:

— Comparison of chemical concentrations in indoor air samples and subslab soil gas samples. Similar or
higher concentrations detected in indoor air samples compared with subslab soil gas samples provide
evidence of an indoor or outdoor background source.

— Comparison of chemical concentrations in indoor air and outdoor air samples. Similar indoor and
outdoor air levels indicate outdoor air is the primary source of the measured indoor concentrations.

— Evaluation of the ratios of chemical concentrations between or within the difference media sampled.
— Evaluation of chemical sources identified inside the home.

— Evaluation of chemicals detected in groundwater. The absence in groundwater of a VOC detected in
subslab or indoor air samples provides suggestive evidence that groundwater is not the source.

Assess whether VOCs in indoor air in the main tunnel system (nearest Plume C and upgradient of Plume C
near the property boundary with the Job Corps facility) and in the small utility tunnel located on the west
side of former Building 220 are potentially related to releases from the former Hanley Area. To assess
possible sources of indoor air concentrations detected above residential VISLs, the following lines of
evidence will be considered:

— Comparison of chemical concentrations in indoor air and outdoor air samples. Similar indoor and
outdoor air levels indicate that outdoor air is the primary source of the measured indoor concentrations.

— Evaluation of the ratios of chemical concentrations between or within the different media sampled.
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— Evaluation of chemicals detected in groundwater. The absence in groundwater of a VOC detected in
indoor air samples provides suggestive evidence that groundwater is not the source.

e For groundwater and indoor air, compare current and previous analytical data, where appropriate, to
assess temporal trends in VOC concentrations.

e Determine whether groundwater and/or subslab soil gas VOC concentrations warrant a VI assessment on
additional properties based on the decision flow diagrams and data quality objectives (DQOs) presented in
Worksheet #11 tables.

What types of data are needed?

Groundwater, subslab soil gas, indoor air, and outdoor air samples will be collected and analyzed for a specific
target list of VOCs, as defined in Worksheet #15.

The sampling design and rationale is presented in Worksheet #17 (Sampling Design and Rationale). A complete
listing of the sample analytes are provided in Worksheet #15 (Reference Limits and Evaluation).

How “good” should the data be in order to support the
environmental decision?

Analytical methods are planned to be definitive quality data. Definitive data are defined as data that are
suitable for final decision making. The comparison of detected concentrations against screening levels
(provided in Tables 15-1 through 15-3) will be used to support the project-specific decisions. Data are
generated using rigorous analytical methods, in this case, approved USEPA SW846 reference methods and
USEPA vapor analysis methods. Definitive data are not restricted in their use unless quality problems require
data qualification resulting in unusable data. Data of definitive quality are needed to evaluate the human
health risks.

How much data are needed? Where, when, and how should
the data be collected/generated?

Worksheet #17 (Sampling Design and Rationale) describes the field investigation activities planned.
Worksheet #18 (Sampling Locations and Methods) summarizes the number of samples and the analytical
parameters necessary to assess the VI pathway. Additional data may be needed, based on the decision rules
presented in Worksheet #11. Standard operating procedures (SOPs) for field sampling and analytical
procedures are discussed in Worksheets #21 (Field SOPs) and #23 (Analytical SOPs). The field SOPs are
provided in the field sampling plan (FSP; Appendix C) and the Laboratory SOPs (LSOPs) are provided in
Appendix B. Currently, the fieldwork is planned to begin August 2013 and continue through May 2014.

Who will collect and generate the data?

CH2M HILL will collect the data on behalf of USACE. Groundwater samples will be submitted to Empirical
Laboratories, Nashville, Tennessee, for analysis and subslab soil gas and indoor/outdoor air samples will be
submitted to Applied Sciences Laboratory, Corvallis, Oregon for analysis. All data will be managed by
CH2M HILL.

How will the data be reported? How will the data be
archived?

Analytical data will be reported in both hardcopy and electronically. Hard copy analytical data will meet
reporting requirements defined in Worksheet #29. Electronic data deliverables (EDDs) will follow Stage 2A
electronic data deliverable (SEDD) Type 2A formats and imported into automatic data review (ADR) for
validation with the project-specific supplied library. The laboratory will verify that the quality, content, and
format comply with the latest SEDD requirements.
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Hardcopy and electronic data, as well as project records, will be stored by CH2M HILL for 5 years after project
completion. Project reports will be archived on CD-ROM or DVD+R media and stored in the project file and
available from CH2M HILL.

Data Quality Objectives

The structure of the DQO process provides an effective planning tool that can save resources by making data
collection operations more effective and complete to meet overall project objectives.

DQOs are created based on establishing scientifically sound data that will address the overall problem to be
solved and include the purpose and media for sample collection, the analytical detection limits (DLs) necessary
to support planned data screening or comparisons to appropriate regulatory benchmarks, quality assurance
(QA)/QC needs, and knowledge of existing data and project data gaps. Complete DQOs will allow for the end
result of the project to address the original problem to be solved to reach a previously agreed upon project
closure point.

The DQO process consists of seven iterative steps. Each step defines criteria that will be used to establish the
final data collection design. The seven steps are as follows:

State the problem to be resolved.

Identify the decisions to be made.

Identify the inputs to the decisions.

Define the boundaries of the study.

Develop a decision rule.

Specify the tolerable limits on decision errors.
Optimize the design for obtaining the data.

NoukwnNE

Table 11-1 presents six specific project problems and the associated DQOs developed for them.

TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

DQO #1—Groundwater Investigation Along Stratford Avenue and at PP-17 to Determine if Further Investigation is Warranted

Location:
Along Stratford Avenue, north of the former Hanley Area, and at PP-17
Step 1: Statement of Problem:

From a VI perspective, groundwater VOC concentrations at the water table are of interest because they indicate potential volatilization
of chemicals from groundwater to soil gas.

Currently, there are no shallow permanent monitoring wells installed along Stratford Avenue to assess groundwater conditions at the
water table.

The existing monitoring wells are not considered suitable to assess shallow groundwater conditions because the wells terminate at the
overburden and weathered shale contact, and the screens are fully submerged.

Step 2: Identify the Decision:

Determine if site-related VOCs in shallow groundwater (at the water table) north of the former Hanley Area along Stratford Ave. and at
PP-17 are above VISLs and evaluate if the impacts warrant further action (that is, additional monitoring wells, VI assessment).

See DQO #2 for information regarding VI assessments.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 3: Inputs to Decisions:

VISLs for select VOCs in groundwater (reference Worksheet #15).

Validated analytical data from this investigation.

Soil classifications based on geologic logs of each boring completed.

Colocated monitoring well pairs will be installed along Stratford Avenue and at PP-17 to assess groundwater conditions.

Shallow groundwater results will be used to assess the VI pathway. In the event that shallow groundwater is not present in the
shallowest water-producing well pair, results from the deep well pair will be used to assess groundwater conditions that may trigger a VI
assessment.

Geologic information (soil classifications) and analytical data from previous site investigations will be incorporated into the project decisions.

Groundwater flow direction.
Step 4: Study Boundaries:
The groundwater investigation will be conducted along Stratford Avenue, near PP-1 through PP-8, and at PP-17 (Figure 10). Colocated

well pairs will be installed along Stratford Avenue and in the back yard of the residence at PP-17.

Monitoring wells MW-107 through MW-109 terminate at the overburden/shale bedrock contact; therefore, deep wells are not
necessary at these locations. Shallow wells will be installed near these locations to complete the well pair.

Temporal boundaries will be assessed by conducting two rounds of groundwater sampling events, separated by at least 6 months.

Step 5: Decision Rules:

Decision rules for this DQO are displayed in a flow diagram provided as Figure 11.
Part 5A =Shallow Groundwater

If information is sufficient to conclude that site-related VOCs detected above VISLs are present in the shallowest water-producing well
pairs, then further action will be considered during a meeting with stakeholders (that is, step-out well pair locations) to further assess
the VI pathway. With stakeholder input, VI assessments at nearby residences (for example, within a 100-foot radius) will be considered
to assess current (indoor air sampling) and future risk (subslab soil gas sampling).

If two consecutive rounds of groundwater sampling , separated by at least 6 months, indicate concentrations below VISLs in the
shallowest water-producing well pair (or in deep groundwater if shallow groundwater is not present), further investigation and VI
assessments are not warranted.

Part 5B —Deep Groundwater

If the deep wells contain site-related VOCs above VISLs, but the corresponding shallow wells do not, then VI assessments will not be
performed at nearby residences because VOCs are not migrating along the water table, and therefore could not contribute to VI.

If groundwater is not present in shallowest water-producing well pairs, groundwater in the deep well may be used to assess the VI
pathway.

Groundwater flow direction will be refined using static groundwater levels recorded at the monitoring wells.
Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for colocated monitoring well pairs were identified from information obtained through the conceptual site model.
The stakeholders agreed to the proposed locations during the September 19, 2012, strategy meeting held among the Army, MDNR,
MDHSS, and USEPA.

Decision errors will be minimized through site understanding obtained from previous site visits, development of the conceptual site
model, and adherence to SOPs during well installation and sampling.

Analysis of groundwater samples will provide the necessary data to meet DoD Quality Systems Manual (QSM) Version 4.2 specification
for precision, accuracy, representativeness, comparability, completeness, and sensitivity (PARCCS).

The analytical methods will provide the lowest available DLs that will allow for the data to be screened against project action levels and
meet risk assessment objectives.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 7: Optimize the Sampling Design:

Sampling Design:

1. Six colocated well pairs will be installed along Stratford Avenue to assess groundwater conditions in the vicinity of PP-1 through PP-8.
One well pair will be installed in the back yard of the residence at PP-17 to assess groundwater conditions. Refer to Worksheet #17 for
sample design and rationale.

2. The 11 newly installed wells along Stratford Avenue and in the back yard of PP-17 and the existing monitoring wells will be sampled
for select VOCs using low-flow techniques and one round of groundwater level measurements will be collected during each sampling
event. Two rounds of groundwater sampling of the colocated well pairs will be conducted, separated by at least 6 months to assess
temporal variability.

3. During the groundwater sampling events, water quality parameters will be analyzed using field methods for dissolved oxygen,
oxidation-reduction potential, specific conductance, temperature, and pH.

Optimization:

The data obtained will be used in stakeholder decision making on any path forward direction for the project, except for pre-agreed
triggers, to develop a path of no further action based on site data; see decision rules Step 5 and the flow diagram for DQO #1.

DQO #2—VI Assessments at PP-2 through PP-5 and PP-17

Location:
Offsite residences north of the former Hanley Area
Step 1: Statement of Problem:

Additional VI assessments (for example, subslab soil gas, indoor air, and outdoor air sampling) at PP-2 and PP-3 are needed to further
assess whether contamination from the former Hanley Area may be contributing to potential VI at these residences and to assess
temporal variability, which is consistent with USEPA (2002) VI guidance.

VI assessments were conducted at PP-17 in response to resident concerns about health-related issues and the possibility that the former
Hanley Area was contributing to them. Further assessments are needed to evaluate temporal conditions.

The residence located at PP-4 could not be sampled due to a lack of response to ROE request letters.

Because of the historical groundwater concentrations at monitoring well MW-109 (TCE slightly exceeded the VISL of 1.1 pg/L between
April 2007 and December 2011), a VI assessment will be conducted at PP-5 (subject to ROE acceptance), located within 50 feet of MW-109.
Step 2: Identify the Decision:

Determine if VI of site-related VOCs is occurring, and if so, determine if there are VISL-related exceedances at offsite residences.

Determine if VI of site-related VOCs could potentially occur in the future at offsite residences.
Step 3: Inputs to Decisions:

Residential VISLs for select VOCs in subslab soil gas and indoor air.
Validated subslab, indoor air, and outdoor air analytical data from this investigation.

Outdoor air data will be used for comparison with indoor air concentrations to determine if the measured indoor air concentrations are
associated with outdoor air infiltration.

Historical analytical data from previous VI assessments (subslab and indoor and outdoor ambient air) at PP-2, PP-3, and PP-17 will be
included in the decision making process.

Step 4: Study Boundaries:

The VI assessments will be conducted at PP-2 through PP-5 and PP-17. Multiple rounds of subslab soil gas, indoor air, and outdoor air
sampling will be conducted to assess temporal variability.

Temporal boundaries will be assessed by conducting three rounds of VI assessments, separated by at least 3 months.

Up to two temporary subslab soil gas probes will be installed within the basement of PP-4 and PP-5 to assess potential current and
future risk to residents from VI (subslab soil gas probes already installed at PP-2, PP-3, and PP-17).
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 5: Decision Rules:

Decision rules for DQO #2 are displayed in a flow diagram (Figure 12).

If information is sufficient to conclude that site-related VOCs are detected above VISLs in subslab soil gas, additional investigations may
be considered at adjacent properties. A meeting with stakeholders will be held to discuss the next steps.

Chemical concentrations in subslab soil gas and indoor air will be compared using multiple lines of evidence described in the PQO
discussion of Worksheet #11. If site-related VOCs in subslab soil gas are above VISLs and site-related VOCs in indoor air are above VISLs,
the residents will be notified, and a meeting with stakeholders will be held to consider possible mitigation actions.

If contaminants from the former Hanley Area are suspected of contributing to VOCs in indoor air, and the concentrations indicate
excessive risk as described in the notes in Figure 13, the Army will be prepared to promptly implement an interim remedy at the
impacted residences. The decision to implement an interim remedy will be made in accordance with the flow diagram presented in
Figure 13.As described in the PQO discussion of Worksheet #11, the ratios of chemical concentrations between or within the difference
media sampled will be evaluated.

Chemical concentrations in indoor air and outdoor air will be compared. If site-related VOCs in indoor air are due to outdoor air
infiltration (as described in the PQO discussion of Worksheet #11), further action will not be considered.

Chemical sources in the residence (chemical inventory) will be evaluated to determine if these sources are contributing to indoor air quality.
If three rounds of VI assessments do not indicate site-related VOCs in subslab soil gas above VISLs, further action will not be considered.

If three rounds of VI assessments do not indicate site-related VOCs in indoor air above VISLs (when subslab soil gas concentrations are
detected above VISLs), further action will not be considered.

If subslab soil gas samples cannot be collected due to low air permeability associated with tight soils or saturated conditions beneath the
slab, the condition will be noted and discussed with the stakeholders. Indoor air samples will be collected regardless of the soil
conditions and the ability to collect subslab soil gas.

Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for VI assessments were identified from information obtained through the conceptual site model. The stakeholders agreed
to the proposed locations during the September 19, 2012, OU-2 strategy meeting held among the Army, MDNR, MDHSS, and USEPA.

Decision errors will be minimized through site understanding obtained from previous site visits, development of the conceptual site
model, and adherence to SOPs during the VI assessments.

Analysis of subslab soil gas, indoor air, and outdoor air samples will provide the necessary data to meet DoD QSM Version 4.2
specification for PARCCS.

The analytical methods will provide the lowest available DLs that will allow for the data to be screened against project action levels and
meet risk assessment objectives.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 7: Optimize the Sampling Design:

Sampling Design:

1. Up to two temporary subslab soil gas probes will be installed in the basement at PP-4 and PP-5, subject to ROE approval. Temporary
subslab soil gas probes are already installed at PP-2, PP-3, and PP-17. The subslab soil gas probes will be sampled during each VI
assessment to assess possible future risk to residents from VI.

2. One indoor air and one outdoor air sample will be collected at PP-2 through PP-5 and PP-17 during each VI assessment. Indoor air
results will be used to assess possible current risk to residents from VI.

3. Three rounds of subslab soil gas samples will be collected to assess temporal variability.

4. During the first round of VI assessments, a building survey will be completed. During each round of VI assessments, the basement
floor and walls will be inspected for signs of damage. Floor drains will also be visually inspected for outward signs of damage. A chemical
inventory will be completed during each VI assessment. Barometric pressure and weather conditions will be documented during each VI
assessment.

5. Investigations at adjacent properties will be considered, with stakeholder input, if it is determined that site-related VOCs are
significant and occurring.

Optimization:

The data obtained will be used to in stakeholder decision-making on any path forward direction for the project, except for pre-agreed
triggers to develop a path of no further action based on site data; see decision rules Step 5 and the flow diagram for DQO #2 (Figure 12).

DQO #3—Groundwater Investigation West and East of Monitoring Well MW-118 to Confirm or Refine the Plume C LUC and to
Determine if Shallow Groundwater Could Contribute to VI at the Job Corps Facility

Location:
Plume C
Step 1: Statement of Problem:

Under OU-1, CT and TCE concentrations in groundwater (Plume C) were detected above the remediation goal of 3,200 pg/L for CT and
the risk-based threshold of 2,320 ug/L for TCE at monitoring well MW-118. The horizontal and vertical extent of CT and TCE are
sufficiently delineated to the north and south; however, the extent of Plume C requires further characterization to the west, toward the
Job Corps facility, and to the east. Similar to DQO #1, groundwater VOC concentrations at the water table are of interest from a VI
perspective because they indicate potential for volatilization of chemicals from groundwater to soil gas. Currently, there are no shallow
permanent monitoring wells installed west of MW-118, toward the Job Corps facility, to assess groundwater conditions at the water
table.

MW-118 is not considered suitable to assess shallow groundwater conditions because the well terminates at the overburden and
weathered shale contact, and the screen is fully submerged.

Step 2: Identify the Decision:

Part 2B —Shallow Groundwater

Determine if site-related VOCs in shallow groundwater west of MW-118 are potentially contributing to VI at the Job Corps facility and
evaluate if the impacts warrant further action.

Part 2A —Deep Groundwater

Confirm that the current LUC boundaries at Plume C (under OU-1) are protective of the groundwater direct contact pathway for
construction workers or to refine the LUC boundary west and east of MW-118 after the western and eastern plume extents are determined.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 3: Inputs to Decisions:

VISLs for select VOCs in shallow groundwater to determine if a VI assessment is warranted.

Remediation goal for CT and risk-based threshold for TCE in deep groundwater to confirm adequacy of western and eastern LUC
boundaries.

Validated analytical data from this investigation.
Soil classifications based on geologic logs of each boring completed.

One colocated monitoring well pair will be installed west of MW-118 to characterize Plume C to the west and to assess groundwater
conditions that may trigger VI assessments at the Job Corps facility.

One deep monitoring well will be installed east of MW-118 to characterize Plume C to the east.

Groundwater flow direction will be refined using static groundwater levels recorded at the monitoring wells.

Geologic information (soil classifications) and analytical data from previous site investigations will be incorporated into the project
decisions.

Step 4: Study Boundaries:

The groundwater investigation will be conducted west and east of MW-118. One pre-determined colocated well pair is proposed west of
MW-118, toward the Job Corps facility, and one deep monitoring well is proposed east of MW-118 (Figure 10).

Temporal boundaries will be assessed by conducting two rounds of groundwater sampling events, separated by at least 6 months.

The western LUC boundary may be extended if the new deep monitoring well pair shows detections of CT above the remediation goal or
TCE above the risk-based threshold, indicating that Plume C is not bounded to the west. It will only be completed based on stakeholder
consensus.

The eastern LUC boundary may be extended if the new deep monitoring well shows detections of CT above the remediation goal or TCE
above the risk-based threshold, indicating that Plume C is not bounded to the east. The LUC boundary will only be changed if needed,
and then based on stakeholder consensus.

Step 5: Decision Rules:

Part 5B —Shallow Groundwater

If analytical data indicate that site-related VOCs detected above VISLs are present in the shallowest water-producing well pair, then
further action may be considered (that is, step-out colocated well pair location) to further assess the VI pathway. VI assessments at the
Job Corps facility (for example, within a 100-foot radius) may be considered to assess current (indoor air sampling) and potential future
risk (subslab soil gas sampling).

If analytical data indicate that site-related VOCs in the shallowest water-producing well pair are below VISLs, then VI assessment(s) will
not be considered.

Part 5A —Deep Groundwater

If the deep wells contain CT above the remediation goal or TCE above the risk-based threshold for two consecutive sampling events,
a stakeholder meeting will be held to consider additional monitoring wells or expansion of the LUC boundaries.

If two consecutive rounds of groundwater sampling indicate concentrations below the remediation goal for CT and the risk-based
threshold for TCE in the deep monitoring wells, further investigation is not warranted.

If groundwater is not present in shallowest water-producing well pair to assess groundwater conditions from a VI perspective,
groundwater in the deep well may be used to assess the VI pathway.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for the colocated monitoring well pair west of MW-118 and the deep monitoring well east of MW-118 were
identified from information obtained through the conceptual site model and the July and November 2012 OU-1 LTM groundwater
sampling events. The stakeholders agreed to the proposed colocated monitoring well pair locations during the September 19, 2012,
strategy meeting held among the Army, MDNR, MDHSS, and USEPA. The proposed deep monitoring well east of MW-118 was
determined following evaluation of the July and November 2012 OU-1 LTM groundwater sampling events.

Decision errors will be minimized through site understanding obtained from previous site visits, development of the conceptual site
model, and adherence to SOPs during well installation and sampling.

Analysis of groundwater samples will provide the necessary data to meet DoD QSM Version 4.2 specification for PARCCS.
The analytical methods will provide the lowest available DLs, which will allow for the data to be screened against project action levels
and meet risk assessment objectives.

Step 7: Optimize the Sampling Design:

Sampling Design:

1. One colocated well pair will be installed west of MW-118 to confirm or refine the LUC boundary to the west, toward the Job Corps
facility, and to assess groundwater conditions from a VI perspective. The deep boring will terminate at the overburden and
weathered shale bedrock contact to facilitate installation of the deep monitoring well. The shallow boring will be advanced to
facilitate installation of the shallow monitoring well.

2. One deep monitoring well will be installed east of MW-118 to confirm or refine the LUC boundary to the east. The deep boring will
terminate at the overburden and weathered shale bedrock contact to facilitate installation of the deep monitoring well at the appropriate
depth.

3. During the groundwater sampling events, water quality parameters will be analyzed using field methods for dissolved oxygen, oxidation-
reduction potential, specific conductance, and pH. One round of groundwater level measurements will be conducted during each sampling
event.

Optimization:

The data obtained will be used to in stakeholder decision making on any path forward direction for the project except for previously
agreed upon triggers to develop a path of no further action based on site data.

DQO #4—Groundwater Investigation Near Day Care Center to Determine if a VI Assessment is Warranted

Location:
Day Care Center Approximately 350 feet (1 Block) Northeast of the former Hanley Area
Step 1: Statement of Problem:

During the September 19, 2012 OU-2 strategy meeting, MDHSS discussed the need to collect samples from the day care center located
approximately 350 feet (1 block) northeast of the former Hanley Area. The Army acknowledged the preference of MDNR, MDHSS, and
USEPA to collect samples near the day care center to assess whether contamination from the former Hanley Area may be impacting the
center. The Army agreed to discuss possible VI investigation measures at the day care center.

Step 2: Identify the Decision:

Determine if site-related VOCs in shallow groundwater along Stratford Avenue are above VISLs and evaluate if the impacts warrant
action near the day care center.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 3: Inputs to Decisions:

VISLs for select VOCs in groundwater.
Validated analytical data from this investigation

Groundwater results at newly installed shallow colocated well pairs near MW-107 through MW-109 will be used to assess groundwater
conditions.

Soil classifications based on geologic logs of each boring completed.

Geologic information (soil classifications) and analytical data from previous site investigations will be incorporated into the project
decisions.

Step 4: Study Boundaries:
Current Known Boundaries:

Colocated well pairs along Stratford Avenue. Data from these wells will be used to evaluate the potential need to install well pairs and
evaluate groundwater conditions closer to the day care center; see Step 5 Decision Rules. See DQO #1 to note the groundwater
evaluation process for the well pairs along Stratford Avenue.

Step 5: Decision Rules:

Part 5A —Shallow Groundwater

If information is sufficient to conclude that site-related VOCs detected above VISLs are present in the shallowest water-producing well
pairs that are colocated with MW-107 through MW-109, then a groundwater investigation near the day care center will be performed to
assess the VI pathway. If the groundwater investigation near the day care center is deemed necessary, groundwater sampling will be
conducted along Henner Avenue, south of the day care center, and in the alley, west of the day care center by installing one colocated
well pair along Henner Avenue and two well pairs in the alley, southwest and west of the day care center (Figure 10). Stakeholder
consensus is required to install well pairs near the day care center.

If well pairs are installed near the day care center and a groundwater investigation is completed, shallow groundwater results would be
used to determine the need for VI assessments at the day care center to assess current (indoor air sampling) and future possible risk
(subslab soil gas sampling). See decision statements Step 5, DQO #1.

If analytical data indicate that site-related VOCs in the shallowest water-producing well pairs that are colocated with MW-107 through
MW-109 are below VISLs, then a groundwater investigation near the day care center will not be considered.

Part 5B —Deep Groundwater

If the deep wells installed near the day care center contain site-related VOCs above VISLs, but the corresponding shallow wells do not,
then VI assessments will not be performed at because VOCs are not migrating along the water table, and therefore could not contribute
to VI.

If groundwater is not present in shallowest water-producing well pairs, groundwater in the deep well may be used to assess the VI
pathway.

Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for colocated monitoring well pairs were identified from information obtained through the conceptual site model.
The stakeholders agreed to the proposed locations during the September 19, 2012 strategy meeting held among the Army, MDNR,
MDHSS, and USEPA.

Decision errors will be minimized through site understanding obtained from previous site visits, development of the conceptual site
model, and adherence to SOPs during well installation and sampling.

Analysis of groundwater samples will provide the necessary data to meet DoD QSM Version 4.2 specification for PARCCS.

The analytical methods will provide the lowest available DLs, which will allow for the data to be screened against project action levels
and meet risk assessment objectives.
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Step 7: Optimize the Sampling Design:
Sampling Design:

See sampling design Step 7 of DQO 1.
Optimization:

The data obtained will be used to in stakeholder decision-making on any path forward direction for the project except for previously
agreed upon triggers to develop a path of no further action based on site data; see decision rules Step 5.

If Stratford Avenue colocated well pairs indicate the need and based on Stakeholder consensus, up to three well pairs will be installed
along Henner Avenue and in the alley west of the day care center to assess groundwater conditions in the vicinity of the day care center.
Up to three deep borings will terminate at the overburden and weathered shale bedrock contact to facilitate installation of the deep
monitoring wells. Up to three shallow borings will be advanced to facilitate installation of the shallow monitoring wells. The deep and
shallow screens will be installed so that the screened intervals do not overlap. The shallow wells will be installed within 18 inches of the
deep monitoring wells. A groundwater evaluation will be conducted as defined in DOQ #1.

DQO #5—Refine Groundwater Flow Direction and Assess Groundwater Conditions Northwest of the Former Hanley Area

Location:
Northwest of the Former Hanley Area
Step 1: Statement of Problem:

During the OU-2 strategy meeting, MDNR recommended installing a colocated well pair further west of the originally-proposed
colocated well pairs along Stratford Avenue. This well pair would be used to refine groundwater flow direction and to assess
groundwater conditions. The Army agreed to install this additional well pair under the condition that the analytical results would not
necessarily trigger the need for additional monitoring wells or VI assessments; that determination would be based on the results from
the colocated well pair and others further east (closer to the former Hanley Area).

Step 2: Identify the Decision:

Refine groundwater flow direction.

Assess groundwater conditions.
Step 3: Inputs to Decisions:

VISLs for select VOCs in groundwater (reference Worksheet #15).
Validated analytical data from this colocated well pair.

The well pair will be installed furthest west along Stratford Avenue to refine groundwater flow direction and gradient northwest of the
former Hanley Area and to assess groundwater conditions.

Geologic information (soil classifications) and analytical data from previous site investigations will be incorporated into the project decisions.

Groundwater flow direction.
Step 4: Study Boundaries:

One colocated well pair will be installed along Stratford Avenue and will be located west of the well pairs that will be used during the
groundwater investigation (refer to DQO #1; Figure 10).
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Step 5: Decision Rules:

Further investigation will be considered if 1) the refined groundwater flow direction indicates a northwest flow direction component;
and 2) if site-related VOCs are above VISLs in the shallowest water-producing well pair (or in deep groundwater if shallow groundwater is
not present) immediately east of this well pair.

Part 5A —Shallow Groundwater

Refer to Step 5 Decision Rules for DQO #1 if information is sufficient to conclude that site-related VOCs detected above VISLs are present
in the shallowest water-producing well pair.

Part 5B —Deep Groundwater

Refer to Step 5 Decision Rules for DQO #1 if the deep wells contain site-related VOCs above VISLs, but the corresponding shallow wells do
not.

Groundwater flow direction will be refined using static groundwater levels recorded at the monitoring wells.
Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for the colocated well pairs were determined and agreed to by stakeholders during the September 19, 2012, strategy
meeting held among the Army, MDNR, MDHSS, and USEPA.

Decision errors will be minimized through site understanding obtained from previous site visits, development of the conceptual site
model, and adherence to SOPs during well installation and sampling.

Analysis of groundwater samples will provide the necessary data to meet DoD QSM Version 4.2 specification for PARCCS.
The analytical methods will provide the lowest available DLs, which will allow for the data to be screened against project action levels
and meet risk assessment objectives.

Step 7: Optimize the Sampling Design:

Sampling Design:
1. One colocated well pair will be installed furthest west along Stratford Avenue to refine the groundwater flow direction near the
former Hanley Area.

2. The well pair will be sampled for select VOCs using low-flow techniques and one round of groundwater level measurements will be
collected during each sampling event. Based on the results of the western-most proposed well pair to achieve DQO #1, up to two
rounds of groundwater sampling may be conducted, separated by at least 6 months to assess temporal variability.

3. During the groundwater sampling events, water quality parameters will be analyzed using field methods for dissolved oxygen,
oxidation-reduction potential, specific conductance, and pH.

Optimization:

The data obtained will be used in stakeholder decision-making on any path forward direction for the project, except for pre-agreed
triggers to develop a path of no further action based on site data.

If groundwater results in the shallowest water-producing well pair (or in deep groundwater if shallow groundwater is not present)
indicate concentrations below VISLs, the well pair will be used for the sole purpose of determining groundwater flow direction and
gradient.

DQO #6—Indoor Air Sampling in Tunnel System

Location:

Main tunnel system closest to Plume C; main tunnel system upgradient of Plume C and near the property boundary with the Job Corps
facility; and small utility tunnel on the west side of former Building 220.
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WORKSHEET #11—PROJECT/DATA QUALITY OBJECTIVES

TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 1: Statement of Problem:

Under OU-1, CT and TCE concentrations in groundwater (Plume C) were detected above the remediation goal of 3,200 pg/L for CT and
the risk-based threshold of 2,320 pg/L for TCE at monitoring well MW-118. At the request of MDNR, tunnel air sampling in the main
tunnel system closest to Plume C, in the main tunnel system near the property boundary with the Job Corps facility, and in the small
utility tunnel located on the west side of former Building 220, is needed to assess whether contamination from the former Hanley Area
may be contributing to indoor air quality, which could potentially affect the adjacent Job Corps facility (based on tunnel system
configuration).

Step 2: Identify the Decision:

Determine if tunnel air in the main tunnel system and small utility tunnel is impacted by site-related VOCs, and if so, determine if further
investigation is warranted.

Determine if indoor air concentrations of site-related VOCs could potentially affect the adjacent Job Corps facility.

Step 3: Inputs to Decisions:

Residential VISLs for select VOCs in indoor air.
Validated indoor air and outdoor air analytical data from this investigation.

Outdoor air data will be used for comparison with indoor air concentrations to determine if the measured indoor air concentrations are
associated with outdoor air infiltration.

Step 4: Study Boundaries:

Based on the accessibility and safety concerns associated with gaining entry into the tunnel system, tunnel air sampling will be
conducted closest to Plume C and MW-118 in the main tunnel system; in the small utility tunnel located on the west side of former
Building 220 (if feasible, provided that Job Corps grants access approval); and in the main tunnel system near the property boundary
with the Job Corps facility (Figure 14). The outdoor air samples will be collected above the location of the tunnel air samples. Two rounds
of tunnel air and outdoor air sampling, separated by at least 3 months, will be conducted in the main tunnel system to assess whether
further investigation is warranted. One round of tunnel air and outdoor air sampling will be conducted in the small utility tunnel, if
feasible and assuming the Army is granted access approval.

Step 5: Decision Rules:

The ability to collect a tunnel sample within 100 feet of Plume C will be determined through site reconnaissance activities before the
sampling event.

If information is sufficient to conclude that site-related VOCs are detected above residential VISLs in tunnel air, additional investigations
may be considered. A meeting with stakeholders will be held to discuss the next steps.

Chemical concentrations in tunnel air will be evaluated using multiple lines of evidence described in the PQO discussion of Worksheet
#11.

As described in the PQO discussion of Worksheet #11, the ratios of chemical concentrations between or within the difference media
sampled will be evaluated.

Chemical concentrations in tunnel air and outdoor air will be compared. If site-related VOCs in tunnel air are due to outdoor air
infiltration (as described in the PQO discussion of Worksheet #11), further action will not be considered.

Possible chemical sources (chemical inventory) in the tunnel system and in the Job Corps building described as the “Transformer Station”
in site figures will be evaluated to determine if these sources are contributing to indoor air quality.
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TABLE 11-1

Specific Data Quality Objectives

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Step 6: Limits of Decision Errors:

No statistical sampling methodologies are used for this sampling design.

Proposed locations for tunnel air samples were placed based on proximity to MW-118 (the location of elevated CT and TCE in
groundwater); near the property boundary with the Job Corps facility; and in the small utility tunnel on the west side of former Building
220 (if feasible). Outdoor air sampling will be identified through site reconnaissance activities and as close above the location of tunnel
air collection as possible.

Decision errors will be minimized through site understanding obtained from previous site visits, historical analytical data, groundwater
flow understanding, and adherence to SOPs during air sampling activities.

Analysis of air samples will provide the necessary data to meet DoD QSM Version 4.2 specification for PARCCS.

The analytical methods will provide the lowest available DLs that will allow for the data to be screened against project action levels and
meet risk assessment objectives.

Step 7: Optimize the Sampling Design:

Sampling Design:

1. One tunnel air and one outdoor air sample will be collected within 100 feet of Plume C and MW-118, within the main tunnel
system. Results will be used to assess whether further investigation is warranted.

2. One tunnel air and one outdoor air sample will be collected further south of Plume C and MW-118, near the property boundary
with the Job Corps facility, to assess whether contamination from the former Hanley Area may be contributing to indoor air quality
which could potentially affect the adjacent Job Corps facility.

3. One tunnel air and one outdoor air sample will be collected (if feasible) in the small utility tunnel located on the west side of former
Building 220. The utility tunnel is suspected to connect former Building 220 with the building described as the “Transformer Station
(244)” in Figures 2 and 14. The samples will be collected to assess whether contamination from the former Hanley Area may be
contributing to indoor air quality which could potentially affect the adjacent Job Corps facility. The Army will request permission
from the Job Corps to access the utility tunnel from Job Corps property.

4. During the sampling event, the tunnel floor and walls near the tunnel air sampling locations will be inspected for signs of cracks or
other potential vapor entry points, such as air vents and utilities that penetrate the walls, floor, or ceiling. Floor drains (if present)
will also be visually inspected for outward signs of damage. A chemical inventory will be completed during the sampling event (if
chemicals are observed in the tunnel system or in the Transformer Station). Barometric pressure and weather conditions will be
documented during the sampling event.

5. Additional investigations in the tunnel system and/or at the Job Corps facility will be considered, with stakeholder input, if it is
determined that site-related VOCs are significant and occurring.

Optimization:

The data obtained will be used to in stakeholder decision-making on any path forward direction for the project, except for pre-agreed
triggers to develop a path of no further action based on site data; see decision rules Step 5.
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Worksheet #12—Measurement Performance Criteria

Measurement performance criteria (MPC) were established for groundwater, indoor air, outdoor air, and
subslab soil gas analytical parameters of the project. Refer to the following worksheets for the required
information in Worksheet #12:

e Worksheet #15 (Reference Limits and Evaluation) for data quality indicators consisting of precision
and accuracy

o  Worksheet #24 (Analytical Instrument Calibration) and Worksheet #28 (Analytical Quality Control and
Corrective Action) for the requirements of laboratory QA/QC activities for groundwater and soil vapor
analytical methods

e Worksheet # 35 (Data Verification Procedures) and Worksheet #36 (Data Validation Procedures) for data
review and validation process

e  Worksheet #37 (Data Usability Assessment) for PARCCS parameters

The quality of the data to be collected for this project will be verified using appropriate MPCs established for
both sampling procedures and analytical methods. The criteria will relate to the data quality indicators.

The MPCs follow those defined in the DoD QSM Version 4.2 (DoD 2010). The sampling procedures and the
quality of the laboratory results will be evaluated for compliance with the project-specific DQOs through a
review of overall PARCCS, in accordance with procedures described in Worksheet #37 (Data Usability
Assessment). The results will be summarized in a data quality report, which will be included as an appendix to
the Rl report.
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Worksheet #13—Secondary Data Uses and
Limitations

Secondary data refer to historical data previously collected from the site. The source(s) of the data, date of
collection, planned uses, and limitations of the secondary data are summarized in the Table 13-1.

TABLE 13-1

Secondary Data Criteria and Limitations
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Secondary Date of
Data Source? Collection® How Data Will Be Used Limitations on Data Use®
Groundwater USACE. 2005. Technical February 2005 Data will be used for VI risk Only validated analytical
Data Memorandum—Final Hanley evaluations. data of known quality
Area Phase | Remedial will be used for project
Investigation, Former St. purposes. Any result that
Louis Ordnance Plant, St. was qualified as unusable
Louis. Missouri. May. will not be carried
forward for this project.
Groundwater USACE. 2007. Final February 2006 Data will be used for risk Only validated analytical
Data Supplemental Soil and and April 2007 assessment evaluations. data of known quality

Indoor Air and

Outdoor Air

Groundwater

Groundwater
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Groundwater Phase Il
Remedial Investigation
Technical Memorandum,

Hanley Area, Former St. Louis

Ordnance Plant, St. Louis,
Missouri. June 25.

CH2M HILL. 2009. Final
Remedial Investigation,
St. Louis Ordnance Plant,
Former Hanley, St. Louis,
Missouri. November.

CH2M HILL. 2009. Final
Remedial Investigation,
St. Louis Ordnance Plant,
Former Hanley, St. Louis,
Missouri. November.

CH2M HILL. 2011e. Final
Remedial Design/Remedial
Action Work Plan, St. Louis
Ordnance Plant, Former
Hanley Area, St. Louis,
Missouri. September.

March and May
2008

June 2008

August 2010

Data will be used for risk
assessment evaluations.

Data will be used for risk
assessment evaluations.

Data will be used for risk
assessment evaluations.

will be used for project
purposes. Any result that
was qualified as unusable
will not be carried
forward for this project.

Only validated analytical
data of known quality
will be used for project
purposes. Any result that
was qualified as unusable
will not be carried
forward for this project.

Only validated analytical
data of known quality
will be used for project
purposes. Any result that
was qualified as unusable
will not be carried
forward for this project.

Only validated analytical
data of known quality
will be used for project
purposes. Any result that
was qualified as unusable
will not be carried
forward for this project.
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TABLE 13-1

Secondary Data Criteria and Limitations
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Secondary Date of
Data Source? Collection® How Data Will Be Used Limitations on Data Use®
Subslab Soil CH2M HILL. 2011c. Vapor May 2011 Data will be used for risk Only validated analytical
Gas, Indoor Intrusion Assessment at assessment evaluations. data of known quality
Air, Outdoor Private Property PP-1, will be used for project
Air, and St. Louis, Missouri. May. purposes. Any result that
Groundwater CH2M HILL. 2011d. Vapor w?s qualified a_s unusable
Intrusion Assessment at will not be carrled .
Private Property PP-17, forward for this project.
St. Louis, Missouri. May.
Subslab Soil CH2M HILL. 2012d. December ~ December 2011  Data will be used for risk Only validated analytical
Gas, Indoor 2011 Vapor Intrusion assessment evaluations. data of known quality
Air, Outdoor Assessment at Private will be used for project
Air, and Property PP-1, St. Louis, purposes. Any result that
Groundwater Missouri. April 20. was qualified as unusable
CH2M HILL. 2012e. December will not be carried
2011 Vapor Intrusion forward for this project.
Assessment at Private
Property 17, St. Louis,
Missouri. April 20.
CH2M HILL. 2011e. Final
Remedial Design/Remedial
Action Work Plan, St. Louis
Ordnance Plant, Former
Hanley Area, St. Louis,
Missouri. September.
Subslab Soil CH2M HILL. 2012f. February February 2012 Data will be used for risk Only validated analytical
Gas, Indoor 2012 Vapor Intrusion assessment evaluations. data of known quality
Air, Outdoor Assessment at Private will be used for project
Air, and Property PP-2, St. Louis, purposes. Any result that
Groundwater Missouri. May 10. was qualified as unusable
CH2M HILL. 2012g. February will not be carried
2012 Vapor Intrusion forward for this project.
Assessment at Private
Property 3, St. Louis,
Missouri. May 10.
Subslab Soil CH2M HILL. 2012h. June 2012  June 2012 Data will be used for risk Only validated analytical
Gas, Indoor Vapor Intrusion Assessment assessment evaluations. data of known quality
Air, Outdoor at Private Property PP-1, will be used for project
Air, and St. Louis, Missouri. purposes. Any result that
Groundwater September 28. was qualified as unusable
will not be carried
forward for this project.
Groundwater CH2M HILL. 2012i. July 2012 July 2012 Data will be used for risk Only validated analytical
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Groundwater Monitoring
Report—OQOperable Unit 1, St.
Louis Ordnance Plant, Former
Hanley Area, St. Louis,
Missouri. September.

assessment evaluations.

data of known quality
will be used for project
purposes. Any result that
was qualified as unusable
will not be carried
forward for this project.
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WORKSHEET #13—SECONDARY DATA USES AND LIMITATIONS

TABLE 13-1

Secondary Data Criteria and Limitations

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Secondary Date of
Data Source? Collection® How Data Will Be Used Limitations on Data Use®
Boring Log Previous site reports Any year Data will be used to generate None
Information geologic cross sections and to
support the development of the
conceptual site model.
Well Previous site reports Any year Data will be used to support the None
Construction development of the conceptual
and Water site model, potentiometric
Level Elevation surface maps, and for future
Information groundwater sample planning.
Geographic Previous site reports Any year Data will be used to determine Review of data and
Information well, boring, sample, and site professional judgment
Systems feature locations to support will be required to
Mapping conceptual site models and determine applicability
Layers and nature and extent evaluations. and usability of data.
Coordinates
Photographs, Previous site reports; Any year Data will be used to support Review of data and
Aerial published literature conceptual site model professional judgment
Photography, development. will be required to

Interviews with
Site Personnel
and Residents,
or Other
Sources of
Data

determine applicability
and usability of data.

a Final documentation defined is associated with approved project-specific QAPPs.
b The earliest year of analytical data collection that will be used is 2005, and there are no significant changes from that timeline to
current requirements for data collection. No limitation of data use is expected due to timeline-related issues for historical data.

¢ Historical analytical data may not reflect current site conditions. As stated in the conceptual site model presented in Worksheet #10,
as well as DQO tables presented in Worksheet #11, the clay overburden encountered at the former Hanley Area and offsite to the north
has prevented previous attempts to collect shallow soil gas samples. The clay soil has also hindered accurate water table

measurements that may not represent the actual water table (Worksheet #10). The conditions have resulted in data gaps, which the
project goals are designed to close. In addition, the breakdown of TCE over time leads to changing analytical concentrations in
groundwater and/or soil gas as TCE degrades (reduced concentrations), and degradation products increase in concentrations.
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Worksheet #14 and #16—Project Tasks and
Schedule

Combined Worksheet #14 and #16 provides an overview of project tasks as the outcome of project scoping
activities and includes a project schedule (Figure 15). The following project tasks are discussed:

e Pre-investigation activities
e Field investigation
e laboratory analysis

e Data review, management, and usability
e Baseline HHRA
e Reporting

Field activities and procedures for the groundwater investigation to achieve DQO # 1, DQO #3, and DQO # 4

(if warranted, based on results of the groundwater investigation along Stratford Avenue) and the VI assessments
to achieve DQO #2 are briefly summarized in the following sections and discussed further in the FSP (Appendix C).
Discussions of quality assurance for the project are located in Worksheets #27, 29, 30, 31, 32, 33, 34, 35, 36,
and 37. Figure 15 presents the project schedule.

Pre-Investigation Activities

Several activities will take place before the field activities begin. The activities will include conducting site
reconnaissance, coordinating site access, obtaining clearances and required permits, and acquiring
subcontractors and materials.

Groundwater Pre-investigation Activities

Using a global positioning system (GPS) unit to locate proposed colocated shallow and deep overburden
monitoring well pair locations.

Securing subcontracts with a drilling contractor, the offsite analytical laboratory, waste disposal contractor,
and surveyor. This task also includes scheduling public and third-party private utility clearances and
procurement of sampling equipment and supplies.

The Army will obtain a permit from the City of St. Louis to install permanent monitoring wells along Stratford
Avenue (and on Henner Avenue, based on results of the groundwater investigation along Stratford Avenue).

The Army will obtain a ROE from the resident at PP-17 to install a permanent colocated well pair.

VI Assessment Pre-investigation Activities

Subcontracts securing the offsite analytical laboratory and waste disposal contractor will be completed. This
task also includes scheduling public and third-party private utility clearances and procurement of sampling
equipment and supplies.

After the Army obtains signed rights of entries for the residences, CH2M HILL will conduct an initial site visit at
PP-2 through PP-5 and PP-17 to collect information for the VI assessments. During the site visit, CH2M HILL will
interview the residents and perform a limited building inspection to obtain the following information:

e Occupancy status (number of people living at the residence, duration at the current residence, age of
occupants, etc.)

e General building layout, including number of floors and approximate floor space area

e Building construction characteristics, including foundation type, basement or crawlspace details, and
heating and ventilation system information

o Types of chemical products used and stored inside the residence that may contain VOCs
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e Still photographic documentation of basement conditions

During the initial site visit, CH2M HILL will notify residents of the proposed locations of the groundwater (PP-17
only), subslab soil gas, indoor air, and outdoor air samples and obtain verbal approval from residents regarding
the locations.

Field Investigation

Remedial Investigation of Groundwater along Stratford Avenue, at Plume C, and
at the Day Care Center

Convert the onsite and offsite soil borings to colocated well pairs to achieve the PQOs and DQOs presented in
Worksheet #11. Based on the results of the groundwater investigation along Stratford Avenue, three colocated
well pairs may be installed near the day care center. The colocated well pairs will consist of a deep well that
will terminate at the overburden and weathered shale bedrock contact and a colocated shallow well that will
facilitate collection of groundwater at its first occurrence.

Two rounds of groundwater sampling, separated by at least 6 months, will be conducted at the nine colocated
well pairs (excludes the colocated well pairs to achieve DQO # 4—day care center investigation) and at one
deep monitoring well location (associated with characterizing the eastern extent of Plume C—DQO #3). One
round of groundwater samples will also be collected at the existing monitoring wells to obtain a snapshot of
current groundwater conditions during the Rl to achieve DQO #1, DQO #3, and DQO #5 (excludes the
colocated well pairs to achieve DQO #4). Groundwater samples will be collected for select VOCs using low-flow
techniques during each event. During the groundwater sampling events, water quality parameters will be
analyzed using field methods for dissolved oxygen, oxidation-reduction potential, specific conductance,
temperature, and pH.

Decontamination fluids and purge water generated during well development and groundwater sampling will
be placed in 55-gallon drums, characterized, and disposed of in the City of St. Louis combined stormwater and
sanitary sewer collection system upon approval from the St. Louis Metropolitan Sewer District. Soil cuttings
generated during monitoring well installation activities will be characterized and disposed offsite as
nonhazardous waste (anticipated classification based on previous investigations). Trash and personal
protective equipment will be disposed of in a dumpster at the former Hanley Area.

Groundwater elevation data from the existing monitoring wells and the colocated well pairs will be used to
evaluate groundwater flow direction.

The location and elevation of each newly-installed colocated well pair will be surveyed by a licensed surveyor.

VI Assessments at PP-2 through PP-5 and at PP-17

At PP-4 and PP-5, install subslab soil gas probes through the floor of the basement at up to two locations
approved by the resident during the initial site visit. Subslab soil gas probes were installed at PP-2, PP-3, and
PP-17 during previous VI assessments. The subslab soil gas sampling probes will remain in the slab for possible
subsequent sampling events. Based on the results of the groundwater investigation along Stratford Avenue,

a Vl assessment may be conducted at the day care center.

Following successful helium leak checks of the subslab soil gas sample locations during purging activities,
deploy sample canisters for subslab soil gas, indoor air, and outdoor air sampling.

Individually certified 6-liter SUMMA canisters will be used to collect the subslab soil gas samples, indoor air
samples, and outdoor air samples. The canisters will be kept open for 24 hours using a flow controller set for
3.75 milliliters per minute, which will allow the SUMMA canister to fill over a 24-hour period.

Up to three VI assessments, with each event separated by at least 3 months, will be conducted at PP-2 through
PP-5 and at PP-17 (and the day care center, if warranted). Subslab soil gas, indoor air, and outdoor air samples
will be collected for select VOCs using the low-level selective ion mode (SIM) laboratory analysis method.
During each VI assessment, weather conditions, condition of the floor and walls (if different than what was
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observed during the initial site visit), and types of chemicals present in the basement (if different than what
was observed during the initial site visit) will be documented.

Up to three rounds of groundwater sampling (includes the two rounds to achieve DQO #1 and DQO #3),
separated by at least 3 months, will be conducted at the colocated monitoring well pairs adjacent to PP-2
through PP-5 and PP-17 (and at the colocated well pairs near the day care center, if warranted). Monitoring
well MW-116 will also be sampled to assess groundwater conditions near PP-2. Groundwater samples will be
collected for select VOCs using low-flow techniques during each event. During the groundwater sampling
events, water quality parameters will be analyzed using field methods for dissolved oxygen, oxidation-
reduction potential, temperature, specific conductance, and pH.

Decontamination fluids and purge water generated during groundwater sampling will be placed in 55-gallon
drums, characterized, and disposed of in the City of St. Louis combined stormwater and sanitary sewer
collection system upon approval from the St. Louis Metropolitan Sewer District. Trash and personal protective
equipment will be disposed of in a dumpster at the former Hanley Area.

Groundwater elevation data from the existing monitoring wells and the colocated well pairs will be used to
evaluate groundwater flow direction.

Tunnel Air Sampling

In and above the main tunnel system and the small utility tunnel depicted in Figure 14, deploy sample canisters
for indoor air and outdoor air sampling to achieve DQO #6. Deployment of sample canisters on Job Corps
property is contingent on the Army receiving permission from the Job Corps to do so.

Individually certified 6-liter SUMMA canisters will be used to collect the indoor air samples and outdoor air
samples. The canisters will be kept open for 24 hours using a flow controller set for 3.75 milliliters per minute,
which will allow the SUMMA canister to fill over a 24-hour period.

Two rounds of tunnel air sampling, with each event separated by at least 3 months, will be conducted in the
main tunnel system. One round of tunnel air sampling will be conducted in the small utility tunnel located on
the west side of former Building 220 (if feasible). Indoor air and outdoor air samples will be collected for select
VOCs using the low-level SIM laboratory analysis method. During each sampling event, the following will be
documented: weather conditions, condition of the floor and walls (if different than what was observed during
the initial site visit), and types of chemicals present in the tunnel system and the Job Corps building identified
as the “Transformer Station” on site figures.

Trash and personal protective equipment will be disposed of in a dumpster at the former Hanley Area.

Laboratory Analysis

Laboratory analyses are described in Worksheet #17 (Sampling Design and Rationale) and summarized in the
following paragraphs.

Samples will be analyzed for select VOCs as defined in Worksheet #15. Groundwater samples will be analyzed
by Method SW8260B and subslab soil gas, indoor air, and outdoor air samples will be analyzed by
Method TO-15 SIM.

Empirical Laboratory in Nashville, Tennessee, will analyze the groundwater samples. Applied Sciences
Laboratory in Corvallis, Oregon, will analyze the subslab soil gas, indoor air, and outdoor air samples. There will
be no QA split samples collected for this project effort. ASL and Empirical Laboratory hold current DoD
Environmental Laboratory Accreditation Program (ELAP) certification for the required methods. The laboratory
analyses will be performed in accordance with the analytical methods, this UFP-QAPP, and the LSOPs as
defined in Worksheet #23 (Analytical SOPs).
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Data Management, Review and Usability
Data Management

Hard copy and electronic data (field and laboratory) will be tracked, stored, handled, and managed. Field
activities will be recorded in project logbooks and on the applicable standard field forms provided in the FSP
(Appendix C). Site maps will be maintained and sample locations will be updated on the maps as necessary.
Field and analytical data will be consolidated and maintained within an electronic database management
system. The database management system will be used to perform sample tracking, storage of electronic data,
validation of data, querying data for analysis, and preparation of final data tables.

Documents and Records

Project-related data, including field logs, field forms, chain-of-custody forms, correspondence, and project
reports will be maintained in hard copy and/or electronic format (PDF) at the CH2M HILL St. Louis office.

Data Review

A three-step data review process (consisting of verification, validation, and usability assessment) will be
employed to examine the collected data so that only scientifically-sound data of known and documented
quality are used to make environmental decisions. Worksheets #34 (Data Verification and Validation Input)
through #37 (Data Usability Assessment) describes the process and criteria in detail.

Analytical data obtained during the project will be validated by a qualified CH2M HILL chemist according to the
specifications provided in Worksheet #36 (Data Validation Procedures). Full documentation of the data
validation process and the results will be provided in an appendix to the Rl report.

Data Usability

The data usability assessment is an evaluation based on the results of data validation in the context of the
overall project decisions and objectives. The assessment is used to determine whether the project execution
and resulting data meet the project DQOs (Worksheet #11). Both the sampling and analytical activities must be
considered, with the ultimate goal of assessing whether the final, qualified results support the decisions to be
made with the data. Worksheet #37 (Data Usability Assessment) describes the process in detail.

As part of the data usability assessment, field data will be compiled from field logs and presented in the RI
report listing the sampling details, field observations, and field parameter measurements. Field data will be
used to further refine the understanding of site conditions and to update the conceptual site model, as
appropriate.

Before data presentation and evaluation, analytical data will be processed to identify the “best result” for a
given sample based on unique location, time, medium, and depth. The best result will then be used to
compare to the applicable project action levels, to evaluate the nature and extent of contamination, and to
prepare the HHRA. Best result processing is needed to produce a single representative value for each sample
because of multiple records that may result from field duplicates (FDs).

A protocol has been developed that will be used to identify the best result for each sample in the project
database, using the following general logic:

e If all results for a given sample are qualified as detected, then the maximum detected result is selected as
best result.

e If some results for a given sample are qualified as detected and some qualified as nondetected, then the
maximum detected result is selected as best result.

e If all results for a given sample are qualified as nondetected, then the result with the lowest quantitation
limit is selected as the best result.

e If not rejected, flagged data will be used in the same way as the non-flagged data.

The results of the best result processing will be included in an appendix to the Rl report.
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Human Health Risk Assessment

As part of the RI, an HHRA will evaluate potential risks associated with onsite tunnel air under the “no action”
alternative (including no controls to maintain the integrity of the existing barriers blocking tunnel access). Tunnel
air data will be compared to USEPA’s Regional Screening Levels (RSLs) for industrial air to identify chemicals of
potential concern (COPCs; chemicals that exceeded the regulatory targets). If COPCs are identified, a reasonable
maximum exposure scenario will be quantified for a hypothetical future adult trespasser (for example, a student
from the Job Corps facility) who accesses the tunnel for 1 to 2 days per month (20 days per year) over a 5-year
period. It should be noted that aboveground access to the main tunnel system is currently blocked with heavy
steel barriers that require the use of heavy machinery to remove. The existing tunnel barriers at each Job Corps
property boundary crossing will be assessed during field reconnaissance, assuming that the locations can be
safely accessed. Assuming that the tunnel process is currently blocked at each property boundary crossing, future
trespasser exposure to tunnel air will be considered highly unlikely. However, the exposure scenario will be
evaluated in the HHRA as a conservative measure.

Also as part of the RI, an HHRA will be conducted for the residential VI pathway. The HHRA will use subslab soil
gas and indoor air results from the 2008 RI, previous VI assessments at PP-2, PP-3, and PP-17, and data
collected during the OU-2 RI. The risk assessment will evaluate potential current and future human health risks
to residents in the neighborhood north of the former Hanley Area. The HHRA will also provide information to
support the development, evaluation, and selection of appropriate response alternatives, if needed. The HHRA
will be conducted in accordance with Risk Assessment Guidance for Superfund (RAGS), Volume 1: Human
Health Evaluation Manual, Parts A, E, and F (USEPA 1989, 2004, and 2009). Risk calculations will be performed
for PP-2 through PP-5 and PP-17, as described in the following paragraphs.

To evaluate potential current risk at each residence, site-related COPCs were identified in groundwater during
the 2008 RI (CH2M HILL 2009). The COPCs identified during the 2008 RI will be used as preliminary COPCs for
the OU-2 RI. The preliminary COPCs that exceed the screening levels presented in Worksheet #15 and are likely
caused by VI based on the lines of evidence presented in the technical memorandums will be identified as
COPCs. In the HHRA, the maximum concentration of each chemical obtained from multiple rounds of VI
assessments (for example, subslab soil gas and indoor air) will be used.

If one or more indoor air concentration exceeds screening levels at the residence due to VI, then the current
inhalation risk will be estimated using the measured indoor air concentrations of the site-related COPCs. The
cumulative ELCR and noncancer hazard indices (or target-organ-specific hazard indices, if necessary) will be
calculated for site-related preliminary COPCs for adult and child residents. Individual and cumulative ELCRs and
hazard indices will be compared to USEPA and state acceptable risk thresholds identified in Worksheet #15.
Chemicals exceeding thresholds will be identified as preliminary COCs.

To evaluate potential future residential risk at each residence, subslab gas concentrations will be evaluated to
identify potential future COPCs in indoor air. Subslab gas concentrations will be compared to the screening
levels identified in Worksheet #15, along with additional lines of evidence (refer to Worksheet #11), to identify
future COPCs for the indoor air pathway. After future exposure point concentrations are identified for COPCs,
risk estimates will be calculated and preliminary COCs identified following the procedure described above for
current risk estimates.

Uncertainties in the risk assessment process also will be presented to better characterize the numerical risk
results. The HHRA will be prepared as a section of the Rl report.

Preliminary COCs will be addressed in the FS phase during the development of remedial action objectives.
Reporting

VI Assessment Technical Memorandum

Following the completion of each VI assessment, a technical memorandum will be prepared for each residence
where a VI assessment was performed. Each technical memorandum will be similar in format and content to

ES120313193830MKE 47



UFP-QAPP—RI/FS ACTIVITIES FOR OPERABLE UNIT 2 (VAPOR INTRUSION PATHWAY), ST. LOUIS ORDNANCE PLANT FORMER HANLEY AREA, ST. LOUIS, MISSOURI

CH2M HILL’s June 2012 Vapor Intrusion Assessment at Private Property 1, St. Louis, Missouri (2012h). Each
technical memorandum will describe the objectives, methods, findings, and conclusions of the VI assessment.
It will compare chemical concentrations in subslab soil gas and indoor air against the screening levels
presented in Worksheet #15.

Subslab soil gas, indoor air, and outdoor air sample locations will be depicted on a figure and may be based on
taped distances from the outer building walls, because obtaining GPS coordinates within/near the structure
may not be possible. The technical memorandum will include daily QC reports, laboratory analytical results,
and the data quality evaluation report as attachments.

The technical memorandum will discuss chemical concentrations exceeding screening levels (if any) and
identify possible sources of those chemicals based on the following lines of evidence:

e Comparison of chemicals detected in indoor air samples and subslab samples
e Comparison of chemicals detected in indoor air and ambient air samples
e Evaluation of chemical sources inside the home identified during the initial site visit

In addition to evaluating possible sources of VOCs measured above screening levels (if any), each technical
memorandum will assess the potential for vapors in the subslab to migrate into the residence. The evaluation
will be based on the following:

e Chemical concentrations measured in the subslab soil gas
e Concentration ratios between subslab soil gas, indoor air, and ambient air
e Observed condition of the building floor (for example, cracks, floor drains, etc.)

Each technical memorandum will assess whether the former Hanley Area is the primary source of
contamination (if present) in the subslab soil gas and/or indoor air, which will be done by determining if there
is a correlation between results from subslab soil gas, indoor/outdoor air, and onsite and offsite groundwater
samples collected during and subsequent to the OU-2 groundwater investigation. If the results are inconclusive
regarding whether the former Hanley Area is a contributing source, the technical memorandum will provide
recommendations for further investigation.

If the results from the VI assessment indicate that site-related VOCs are entering buildings through VI, causing
exceedances above regulatory targets, the stakeholders will be notified and mitigation measures will be
discussed during the FS. Results of the technical memorandum will be included in the risk assessment to
determine if site-related VOCs are contributing to VI.

Following resolution of comments on the draft VI technical memorandums, the final technical memorandums
will be submitted to the Army, MDNR, and USEPA. The property owner and resident will also receive copies of
the final technical memorandums.

Rl Report

An Rl report will be prepared in accordance with the Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA (USEPA 1988b). In addition to investigation data collected during the OU-2 R,
the Rl report will employ data from the following previous investigations, as appropriate:

e Vlassessments at PP-1 and PP-17 performed in 2011 and 2012

e VIl assessments at PP-2 performed in 2008 and 2012

e VIl assessment at PP-3 performed in 2012

e  Groundwater samples collected from permanent monitoring wells between 2005 and 2012

The Rl report will summarize the nature and extent of VOCs in groundwater, subslab soil gas, indoor air, tunnel
air, and outdoor air from the investigations identified above. It will present a conceptual site model based on
observed subsurface soil lithology, groundwater elevations, presence of utility corridors, and chemical
concentrations. The Rl report will evaluate the potential fate and transport of VOCs from the former Hanley
Area to offsite properties, and it will assess the potential for chemical migration from groundwater to subslab

soil gas and indoor air.
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Worksheet #15—Reference Limits and Evaluation

One of the primary goals of the project-specific QAPP is to select appropriate analytical methods to achieve
DLs, limit of detections (LOD), and/or limit of quantitations (LOQs) that will satisfy the overall project DQOs (as
defined in Worksheets # 10 [Conceptual Site Model] and #11 [Project/Data Quality Objectives]).

To determine whether the DL, LOD, and LOQ will meet the analytical DQOs, the DLs, LODs, and LOQs have
been compared to the project-specific screening criteria as follows:

Groundwater: In March 2012, USEPA released a VISL calculator that provides conservative default VISLs.

To meet the objectives of the OU-2 RI, the VISLs (June 2013 update) for groundwater are based on residential
use, an attenuation factor of 0.001 for groundwater-to-indoor air, an ELCR of 1 x 10, and an HQ of 1.0 for
noncarcinogens.

Indoor Air: The offsite VI assessments and tunnel air sampling will use target indoor air concentrations based
on residential use provided in the VISL calculator, using the ELCR and HQ identified above. Outdoor air data
will be used for comparison with indoor air concentrations to determine if the measured indoor air
concentrations are associated with outdoor air infiltration.

Subslab Soil Gas: The target subslab and exterior soil gas concentrations based on residential use provided in
the VISL calculator, using the ELCR and HQ identified above. The target subslab soil gas is the target indoor air
concentration divided by the generic attenuation factor for soil gas (default value = 0.1).

Tables 15-1 through 15-3 show the primary screening criteria with respect to the current analytical DL, LOD,
and LOQ for each listed target compound. There are three water compounds and two indoor air compounds
where the LOD and/or LOQ exceed screening criteria; however, the DL is at or below the screening criteria and
will be used to meet project objectives. Analytical methods with the lowest possible DLs have been selected in
order to meet as many project-specific goals as reasonably possible.

If the LOD is below the screening criterion, the LOD and/or the LOQ are sufficient for quantitative use in the
risk assessment. In situations where the LOD/LOQ are not below the screening level, a closer examination of
the specific compounds will be required to determine if these compounds are site-specific and whether or not
the data quality of the project has been impacted. The DL will be used if a target compound is detected at or
above this concentration. The DL is typically two to three times lower than the LOD. The LOD or the DL will be
used to evaluate project objectives in the event that the LOQ exceeds the screening criterion. In addition,
chemical-specific factors (mobility and toxicity) may be discussed and included in the risk assessment on a
more qualitative basis.

Note that sample dilution because of target and or non-target compound concentrations or matrix
interference may prevent DLs, LODs, or LOQs from being achieved. The samples must be initially analyzed
undiluted when reasonable. If a dilution is necessary, both the original and diluted result must be delivered.
Samples that are not analyzed undiluted must be supported by matrix interference documentation such as
sample viscosity, color, odor, or results from other analyses of the same sample to show that an undiluted
sample is not possible.
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TABLE 15-1

Reporting Limit Objectives for VOCs in Groundwater by Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Does LOQ Does LOD Does DL Percent Recovery

Exceed Exceed Exceed
Screening LO  Screening Screening Lower Upper
Method Compound CAS Units VISL LoQ Level? D Level? DL Level? Surrogate Limit Limit RPD
SW8260B 1,1,1,2-TeCA 630-20-6 pg/L 3.2 1 NO 0.5 NO 0.15 NO NO 80 130 30
SW8260B 1,1,2,2-TeCA 79-34-5 pg/L 2.8 1 NO 0.5 NO 0.14 NO NO 65 130 30
SW8260B 1,1,2-TCA 79-00-5 pg/L 4.5 1 NO 0.5 NO 0.20 NO NO 75 125 30
SW8260B 1,2-DCA 107-06-2 pg/L 1.9 1 NO 0.5 NO 0.16 NO NO 70 130 30
SW8260B Benzene 71-43-2 pg/L 1.4 1 NO 0.5 NO 0.15 NO NO 80 120 30
SW82608B Carbon tetrachloride 56-23-5 ug/L 0.36 1 YES 0.5 YES 0.17 NO NO 65 140 30
SW8260B Chloroform 67-66-3 ug/L 0.71 1 YES 0.5 NO 0.17 NO NO 65 135 30
SW82608B cis-1,2-DCE 156-59-2 pg/L 380 1 NO 0.5 NO 0.14 NO NO 70 125 30
SW8260B Methylene chloride 75-09-2 ug/L 720 2 NO 1 NO 0.12 NO NO 55 140 30
SW8260B Naphthalene 91-20-3 pg/L 4 1 NO 0.5 NO 0.16 NO NO 55 140 30
SW8260B PCE 127-18-4 pg/L 13 1 NO 0.5 NO 0.23 NO NO 45 150 30
SW8260B trans-1,2-DCA 156-60-5 pg/L 380 1 NO 0.5 NO 0.22 NO NO 60 140 30
SW82608B TCE 79-01-6 ug/L 1.1 1 NO 0.5 NO 0.19 NO NO 70 125 30
SW8260B Vinyl chloride 75-01-4 ug/L 0.14 1 YES 0.5 YES 0.14 NO NO 50 145 30
SW8260B 1,2-DCA-d4 17060-07-0 % -- - -- - - YES 70 120 -
SW8260B Bromofluorobenzene 460-00-4 % -- -- -- -- -- YES 75 120 --
SW8260B Dibromofluoromethane 1868-53-7 % -- -- -- -- -- YES 85 115 --
SW8260B Toluene-d8 2037-26-5 % -- - -- - - YES 85 120 -
Notes:

RPD = relative percent difference
Compounds with “%” units are surrogates and are not a part of the target analytes
DoD QSM QC limits used for percent recovery

VISLs are based on an attenuation factor of 0.001 for groundwater-to-indoor air, an ELCR of 1 x 10, and a hazard quotient of 1.0 for noncarcinogens.

Bolded “YES” results indicate LOQ and/or LOD values that exceed the selected screening levels.
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WORKSHEET #15—REFERENCE LIMITS AND EVALUATION

TABLE 15-2

Reporting Limit Objectives for VOCs in Indoor Air by Method TO-15 SIM
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Percent
Does LOQ Does LOD Does DL Recovery
Exceed Exceed Exceed
Screening Screening Screening Lower Upper
Method Compound CAS Units VISL LoQ Level? LOD Level? DL Level? Surrogate Limit Limit RPD
TO15-SIM  1,1,2,2-TeCA 79-34-5 pg/m3  0.042  0.07 YES 0.035 NO 0.014 NO NO 70 130 30
TO15-SIM  1,1,2-TCA 79-00-5 we/m* 545 0,055 NO 0.028 NO 0.011 NO NO 86 117 30
3
TO15-SIM  1,2-DCA 107-062 MM 000a  0.041 NO 0.021 NO 0.008 NO NO 87 117 30
TO15-SIM  Benzene 71-43-2 we/m* 531 0032 NO 0.016 NO 0.006 NO NO 75 109 30
3
TO15-SIM  Carbon tetrachloride 56235 MM 041 0064 NO 0.032 NO 0.013 NO NO 84 118 30
TO15-SIM  Chloroform 67-66-3 He/m* .11 0.05 NO 0.025 NO 0.010 NO NO 84 120 30
3
TO15-SIM  cis-1,2-DCE 156-59-2  M&/m 63 0.04 NO 0.02 NO 0.016 NO NO 82 120 30
TO15-SIM  Methylene chloride 75-09-2 He/m®  gg 0.035 NO 0.018 NO 0.014 NO NO 71 109 30
3
TO15-SIM  Naphthalene 91203 MM 072 016 YES 0.16 YES 0.053 NO NO 38 149 30
TO15-SIM  PCE 127-18-4 M&/M* g4 0.069 NO 0.034 NO 0.014 NO NO 83 122 30
3
TO15-SIM  trans-1,2-DCA 156-60-5  M&/M 63 0.04 NO 0.02 NO 0.008 NO NO 85 118 30
3
TO15-SIM  TCE 79-01-6 we/m* 543 0055 NO 0.027 NO 0.011 NO NO 83 117 30
3
TO15-SIM  Vinyl chloride 75-01-4 we/m* 546 0.026 NO 0.013 NO 0.01 NO NO 74 125 30
TO15-SIM Bromofluorobenzene 460-00-4 % -- -- -- -- -- YES 92 117 -
2037-26-
TO15-SIM  Toluene-d8 5 % - - - - - YES 95 106 -

Notes:

Compounds with “%"” units are surrogates and are not a part of the target analytes

Laboratory statistical QC limits were used for percent recovery

VISLs are based on May 2013 USEPA RSLs for Residential air

Bolded “YES” results indicate LOQ and/or LOD values that exceed the selected screening levels.
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TABLE 15-3
Reporting Limit Objectives for VOCs in Subslab Soil Gas by Method TO-15 SIM

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Percent
Does LOQ Does LOD Does DL Recovery
Exceed Exceed Exceed
Screening Screening Screening Lower  Upper
Method Compound CAS Units VISL LoQ Level? LOD Level? DL Level? Surrogate Limit Limit RPD
TO15-SIM 1,1,2,2-TeCA 79-34-5 pg/m3 0.42 0.07 NO 0.035 NO 0.014 NO NO 70 130 30
TO15-SIM 1,1,2-TCA 79-00-5 pg/m3 1.5 0.055 NO 0.028 NO 0.011 NO NO 86 117 30
TO15-SIM 1,2-DCA 107-06-2 pg/m3 0.94 0.041 NO 0.021 NO 0.008 NO NO 87 117 30
TO15-SIM Benzene 71-43-2 pg/m3 31 0.032 NO 0.016 NO 0.006 NO NO 75 109 30
TO15-SIM Carbon tetrachloride 56-23-5 pg/m3 4.1 0.064 NO 0.032 NO 0.013 NO NO 84 118 30
TO15-SIM  Chloroform 67-66-3 pg/m3 1.1 0.05 NO 0.025 NO 0.010 NO NO 84 120 30
TO15-SIM  cis-1,2-DCE 156-59-2 pg/m3 630 0.04 NO 0.02 NO 0.016 NO NO 82 120 30
TO15-SIM Methylene chloride 75-09-2 pg/m3 960 0.035 NO 0.018 NO 0.014 NO NO 71 109 30
TO15-SIM Naphthalene 91-20-3 pg/m3 0.72 0.16 NO 0.16 NO 0.053 NO NO 38 149 30
TO15-SIM PCE 127-18-4 pg/m3 94 0.069 NO 0.034 NO 0.014 NO NO 83 122 30
TO15-SIM  trans-1,2-DCA 156-60-5 pg/m3 630 0.04 NO 0.02 NO 0.008 NO NO 85 118 30
TO15-SIM  TCE 79-01-6 pg/m3 4.3 0.055 NO 0.027 NO 0.011 NO NO 83 117 30
TO15-SIM  Vinyl chloride 75-01-4 pg/m3 1.6 0.026 NO 0.013 NO 0.01 NO NO 74 125 30
TO15-SIM Bromofluorobenzene 460-00-4 % -- - - -- - YES 92 117 --
2037-26-

TO15-SIM  Toluene-d8 5 % -- - - - - YES 95 106 -
Notes:

Compounds with “%” units are surrogates and are not a part of the target analytes
Laboratory statistical QC limits were used for percent recovery

VISLs were based on May 2013 USEPA RSLs for residential air adjusted for the subslab soil-gas-to-indoor air attenuation factor of 0.1
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Worksheet #17—Sampling Design and Rationale

Worksheet #17 describes the field investigation activities planned. The field activities will be conducted in
accordance with the FSP (Appendix C). The number of samples and the analytical parameters planned are
summarized in Worksheet #18, Sampling Locations and Methods.

Because of the dynamic nature of the project, investigation locations and quantities indicated herein may be
modified during the actual fieldwork and based on stakeholder input.

Colocated Monitoring Well Installation

Colocated shallow and deep overburden well pairs will be installed at locations shown in Figure 10. The intent
of the shallow and deep colocated monitoring wells is to evaluate concentrations of site-related VOCs at the
water table (where VOCs are most likely to volatilize) compared to VOC concentrations across several feet of
the saturated zone.

From a VI perspective, groundwater VOC concentrations at the water table are of interest because they
indicate potential volatilization of chemicals from groundwater to soil gas. Based on the lithology observed in
the subsurface (tight clays with discontinuous lenses of coarser grained, more permeable materials) and the
low groundwater recharge rate observed in the overburden soils, the depth to groundwater onsite and north
of the former Hanley Area is uncertain. It is currently not known if groundwater in the wells that extend to the
top of the overburden/weathered shale contact are representative of groundwater conditions at the water
table because the screened intervals of the existing monitoring wells are fully submerged. For this reason,
colocated shallow and deep overburden monitoring wells will be installed during the initial phase of the Rl to
increase the likelihood that one of the colocated wells would intercept the water table.

Colocated shallow and deep overburden monitoring well pairs (installed in separate boreholes) will be installed
to achieve the DQOs presented in Worksheet #11, Project/Data Quality Objectives:

e DQO #1—Groundwater Investigation Along Stratford Avenue and at PP-17 to Determine if Further
Investigation is Warranted

e DQO #3—Groundwater Investigation West and East of Monitoring Well MW-118 to Confirm or Refine the
Plume C LUC Boundary and to Determine if Shallow Groundwater Could Contribute to VI at the Job Corps
Facility

e DQO #4—Groundwater Investigation Near Day Care Center to Determine if a VI Assessment is Warranted

e DQO #5—Refine Groundwater Flow Direction and Assess Groundwater Conditions Northwest of the
Former Hanley Area

Figure 10 presents the locations of the proposed colocated well pairs, and Figure 16 presents construction
details for the colocated well pairs.

DQO #1—Groundwater Investigation along Stratford Avenue and at PP-17

During the September 19, 2012, OU-2 strategy meeting (refer to Worksheet #9), it was agreed among the
Army (88th RSC, USAEC, and USACE), MDNR, USEPA, and CH2M HILL that a phased or “follow the evidence”
approach would be implemented during the Rl to achieve the investigation objectives (refer to the Executive
Summary for investigation objectives). During the first phase of the RI, six colocated overburden monitoring
well pairs will be installed along Stratford Avenue to assess groundwater conditions at the water table and
near PP-1 through PP-8 (Figure 10). Existing monitoring wells MW-107, MW-108, and MW-109 terminate at
the overburden/weathered shale contact and their well screens are fully submerged. Therefore, shallow wells
will be installed next to each of these existing wells to assess groundwater conditions at the water table.
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Borehole drilling and soil sample collection (for logging purposes only) will be performed in accordance with
the latest ASTM methods D-1452 (Soil Investigation and Sampling by Auger Borings), D-1586 (Penetration Test
and Split-barrel Sampling of Soils), and D-1587, where appropriate.

Soil from the three deep soil borings will be logged continuously from the ground surface to the termination
depth, in accordance with the SOP, Soil Boring Logging, contained in the FSP. Soil boring logs for monitoring wells
MW-107 through MW-109 are available. Soil logging of the shallow soil borings is not necessary because they will
be located within 18 inches of the deep soil borings. Continuous 5-foot core barrel (or equivalent) samples will be
advanced using 4.25-inch-inside-diameter hollow-stem augers at each soil boring location.

Each colocated shallow and deep monitoring well pair will be installed in accordance with the Missouri Well
Construction Rules (10 Code of State Regulations 23-1.010 through 6.060). Each monitoring well will be
installed using a hollow-stem auger rig and will consist of 2-inch-inside-diameter Schedule 40 polyvinyl chloride
pipe with a 10-foot screened interval. The screened interval will consist of 0.01-inch-wide slots. The deeper
well will terminate at the overburden/weathered shale contact, and the shallow well will be screened at a
higher depth interval (for example, the shallow well screens will straddle the water table) to facilitate
collection of groundwater at its first occurrence. Construction details for the colocated well pairs are provided
in Figure 10. Existing monitoring wells MW-107, MW-108, and MW-109 terminate at the
overburden/weathered shale contact and their well screens are fully submerged. Therefore, shallow wells will
be installed next to each of these existing wells to assess groundwater conditions at the water table. At the
time of well installation, the field geologist will prepare a well installation diagram illustrating the depth of
each boring, screen location, sand filter pack material, seal thickness, and other well construction information.

The drilling equipment will be decontaminated between holes using high-pressure steam cleaning equipment.
After construction and installation activities, each well will be developed to restore the natural hydraulic
characteristics of the aquifer near the monitoring well. The well development will be accomplished no sooner
than 24 hours after well installation. General SOPs for monitoring well installation, well development, and
decontamination procedures are presented in the FSP.

Soil cuttings, decontamination water, and purge water generated during development activities will be collected
and stored in 55-gallon drums as investigation-derived waste (IDW) and are further discussed in the FSP.

Reference the Decision Logic flow diagram (Figure 10) for DQO #1 (Worksheet #11) for decisions concerning
installation of colocated well pairs.

DQO #3—Groundwater Investigation West and East of MW-118

Low-flow and passive diffusion bag groundwater sample results at MW-118 indicate that concentrations of CT
above the remediation goal of 3,200 pg/L and concentrations of TCE above the risk-based threshold of

2,320 pg/L during the July and November 2012 OU-1 LTM sampling events. Chloroform also was detected below
the risk-based threshold, but at a concentration roughly 4.5 to 5 times higher than what was observed in August
2010. Because of the slow recharge of groundwater into the monitoring well, groundwater may not have
reached equilibrium between the time MW-118 was installed and subsequent sampling in August 2010. The well
was developed on August 12, 2010, and sampled the following day.

CT concentrations in upgradient (MW-115) and downgradient (MW-113, MW-114) monitoring wells were
monitored to evaluate whether the Plume C LUC boundaries adequately cover the area where CT
concentrations exceed the remediation goal and where TCE exceeded the risk-based threshold. Concentrations
of CT, TCE, and degradation products were not detected at concentrations exceeding the remediation goals or
risk-based thresholds presented in the LTM/LUCIP for OU-1. The LUC boundaries adequately cover the areas to
the north and south of Plume C.

During the September 19, 2012, OU-2 strategy meeting (refer to Worksheet #9), it was agreed that one
colocated shallow and deep overburden monitoring well pair would be installed to confirm that the current
LUC boundaries at Plume C are protective or to refine the LUC boundaries (Figure 10) and to assess shallow
groundwater conditions to assess the VI pathway near the Job Corps facility.
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WORKSHEET #17—SAMPLING DESIGN AND RATIONALE

Because of the elevated CT and TCE concentrations at MW-118, the uncertainty associated with the VI pathway
near the Job Corps facility, and to confirm that the current LUC boundaries at Plume C (under OU-1) are
protective of the groundwater direct-contact pathway for construction workers or to refine the LUC boundary
west of MW-118, one colocated monitoring well pair will be installed west of MW-118 (Figure 10). To confirm that
the current LUC boundaries at Plume C (under OU-1) are protective of the groundwater direct-contact
pathway for construction workers or to refine the LUC boundary east of MW-118, one deep monitoring well
will be installed east of MW-118 (Figure 10). Procedures for installing the colocated monitoring well pair and deep
monitoring well will follow the same procedures summarized in the DQO #1 section above.

DQO #4—Groundwater Investigation near Day Care Center

During the September 19, 2012, OU-2 strategy meeting, MDHSS discussed the need to collect samples from
the day care center located approximately 350 feet (1 block) northeast of the former Hanley Area. The Army
acknowledged the preference of MDNR, MDHSS, and USEPA to collect samples near the day care center to
assess whether contamination from the former Hanley Area may be impacting the center. The Army agreed to
discuss possible VI investigation measures at the day care center.

On September 26, 2012, in response to discussions at the September 19, 2012, strategy meeting, the Army
developed an investigation approach for the day care center. Representatives from 88th RSC, USAEC, USACE,
and CH2M HILL participated in the teleconference meeting. The investigation approach was subsequently
discussed among technical experts and senior management within USACE and USAEC. All parties endorsed the
investigation approach. The Army presented the approach in a technical document titled Investigation
Approach for Day Care Center at 4725 Goodfellow Boulevard, St. Louis, Missouri (CH2M HILL 2012b). The Army
submitted the technical document to MDNR and USEPA for review on October 22, 2012. After reviewing the
day care center investigation approach technical paper, MDNR sent a letter to the USACE—Kansas City District
on November 8, 2012, concurring with the investigation approach and requesting one additional monitoring
well in the alley near PP-11. Based on the meetings, the technical document, and the letter, the Army will use
the following approach to conduct the day care center investigation. To maintain the phased or “follow-the-
evidence” approach discussed during the OU-2 strategy meeting, the Army will perform the investigation at
the day care center under the following conditions:

e The Army will install and sample the colocated monitoring well pairs along Stratford Avenue as discussed
during the September 19, 2012, OU-2 strategy meeting.

e If any VOCs exceed VISLs in the shallowest water-producing well pairs at MW-107, MW-108, or MW-109,
an investigation at the day care center will be performed as follows:

- Install a colocated well pair south of the day care center, along the easement of Henner Avenue.
- Consider a second and third colocated well pair southwest and west of the day care center in the easement
of an existing alleyway.

Figure 10 depicts the proposed colocated monitoring well pairs near the day care center (based on results of
the groundwater investigation along Stratford Avenue).

Procedures for installing the colocated monitoring well pairs will follow the same procedures summarized in
the DQO #1 section above.

DQO #5—Groundwater Investigation Northwest of the Former Hanley Area

During the September 19, 2012, OU-2 strategy meeting, MDNR recommended installing an additional
colocated monitoring well pair further west of the originally-proposed monitoring wells along Stratford Avenue
(Figure 10). The well pair would serve to refine groundwater flow direction and gradient northwest of the
former Hanley Area. Additionally, the well pair would also provide insight on potential sources of VOCs
unrelated to the former Hanley Area. The Army agreed to install the additional colocated well pair under the
condition that the analytical results at this colocated well pair would not necessarily trigger the need for
additional monitoring wells or VI assessments; that determination would be based on the results from the
colocated pair and others further east (closer to the former Hanley Area).
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Procedures for installing the colocated monitoring well pairs will follow the same procedures summarized in
the DQO #1 section above.

Collection of Groundwater Samples

Sampling of the colocated monitoring well pairs to achieve DQOs # 1, #3, #4, and #5 will take place no sooner
than 24 hours after well development has been completed and after water levels have reached equilibrium
following well development. In addition, one round of groundwater samples will be collected from the existing
monitoring well network to assess current groundwater conditions during the Rl. Groundwater wells will be
purged in accordance with the SOP, Low-Flow Groundwater Sampling, and sampling will be conducted in
accordance with the SOP, Water Sample Collection for Volatile Organic Compounds, contained in the FSP.

The Decision Logic diagram for DQO #1 (Worksheet #11) provides decisions concerning groundwater sampling.

Static depth to groundwater measurements will be recorded in accordance with the SOP, Water Level
Measurements, at the existing and newly installed monitoring wells before each groundwater sampling event.
Depth-to-groundwater measurements, temperature, pH, turbidity, dissolved oxygen, oxidation-reduction
potential, and specific conductance measurements will be recorded before, during, and after purging each well.

Groundwater samples will be analyzed for the following VOCs that exceeded the historical drinking water
USEPA Region 6 MSSLs during the OU-1 RI:

e Benzene e Naphthalene

o CT e 1,1,1,2-TeCA

e Chloroform e 1,1,2,2-TeCA

e 1,2-DCA e 1,12-TCA

e is-1,2-DCE e PCE

e trans-1,2-DCE e TCE

e Methylene chloride e Vinyl chloride

Methylene chloride (degradation product of CT) was added at MDNR’s request during the FS.

Vapor Intrusion Assessment

VI assessments at PP-2 through PP-5 and at PP-17 will be conducted to achieve the DQO #2 presented in
Worksheet #11, Project/Data Quality Objectives.

Field activities will be performed by a two-person team consisting of the field team leader/QC officer and a
field team member experienced in subslab soil gas, indoor air, and ambient air sampling.

On the first day of the investigation at PP-2 through PP-5 and PP-17 (Figure 3), CH2M HILL will install subslab
soil gas probes through the floor of the basement at up to two locations approved by the resident during the
initial site visit. Subslab soil gas sample probes were previously installed at PP-2, PP-3, and PP-15. The probes
will be installed in accordance with the SOP, Collection of Subslab Gas Samples Using SUMMA Canisters.
Observations made during previous VI assessments at residences north of the former Hanley Area indicated
basement floor thicknesses that would not allow for installation of the subslab soil gas sample probe at the
appropriate depth. Therefore, an alternate method for sample probes installation is also provided in the FSP.
The alternate installation method was previously provided in the Vapor Intrusion Assessment Work Plan
Addendum—Revision 1, Former Hanley Area, St. Louis Ordnance Plant, St. Louis, Missouri (CH2M HILL 2011b).
The subslab soil gas sampling probes will remain in the slab for possible subsequent sampling events.

On the second day, CH2M HILL will deploy sample canisters for subslab soil gas, indoor air, and ambient air
sampling, in accordance with the SOP, Integrated Ambient Indoor, Outdoor, and Crawl Space Air Sampling
Method for Trace VOCs Using SUMMA Canisters. For each subslab soil gas probe, CH2M HILL will conduct a
helium-leak check before sampling, in accordance with the SOP.
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WORKSHEET #17—SAMPLING DESIGN AND RATIONALE

Individually certified 6-liter SUMMA canisters will be used to collect the subslab soil gas samples, indoor air
samples, and outdoor air samples. The canisters will be kept open for 24 hours using a flow controller set for
3.75 milliliters per minute, which will allow the SUMMA canister to fill over a 24-hour period.

For QC purposes, one FD sample will be collected of indoor air and subslab soil gas from each residence.

On the third day of the investigation at each residence, CH2M HILL will return to the residence and close the sample
ports on the subslab soil gas, indoor air, and ambient air SUMMA canisters. CH2M HILL will arrive at the residence
before 24 hours have elapsed since the canisters were opened to ensure the canisters have not reached
atmospheric pressure before closing the valves. The canisters will be shipped to the offsite laboratory for analysis of
the following VOCs that exceeded the historical drinking water USEPA Region 6 MSSLs during the OU-1 RI:

e Benzene e Naphthalene

o (T e Vinyl chloride
e Chloroform e 11,2,2-TeCA

e 1,2-DCA e 1,1,2-TCA

e (is-1,2-DCE e PCE

e trans-1,2-DCE e TCE

e Methylene chloride

1,1,1,2-TeCA was not included in the analyte list for subslab soil gas and indoor air and outdoor air samples
because it is not reported in the analyte list for Method TO-15 nor the Compendium Method TO-15

(USEPA 1999), which adds compounds to the original Method TO-15. The omission of 1,1,1,2-TeCA in the
reporting list is not considered a data gap because the chemical has not been detected in any offsite
groundwater samples. The detectable presence of 1,1,1,2-TeCA was limited to one monitoring well, MW-111,
located within the site boundaries of the former Hanley Area, which has since been treated via soil mixing with
zero-valent iron during the OU-1 remedial action. Methylene chloride (degradation product of CT) was added at
MDNR's request during the FS.

Tunnel Air Sampling

Tunnel air sampling will be conducted to achieve the DQO #6 presented in Worksheet #11, Project/Data
Quality Objectives.

Field oversight activities will be performed by a two-person team consisting of the field team leader/QC officer
and a field team member experienced in indoor air sampling. Because of the uncertainties associated with air
quality in the tunnel system, qualified personnel will conduct tunnel air sampling activities.

CH2M HILL’s subcontracted personnel will gain entry into the main tunnel system (following removal of the steel
barrier blocking the entrance) using confined-space entry procedures and will assess the condition of the tunnel
system and the feasibility of collecting tunnel air samples at the locations depicted in Figure 14. Following ROE
approval from Job Corps, CH2M HILL will determine if entry into the small utility tunnel is possible.

CH2M HILL and its subcontracted personnel will deploy sample canisters for indoor air and ambient air
sampling, in accordance with the SOP, Integrated Ambient Indoor, Outdoor, and Crawl Space Air Sampling
Method for Trace VOCs Using SUMMA Canisters.

Individually certified 6-liter SUMMA canisters will be used to collect the indoor air samples and outdoor air
samples. The canisters will be kept open for 24 hours using a flow controller set for 3.75 milliliters per minute,
which will allow the SUMMA canister to fill over a 24-hour period.

For QC purposes, one FD sample of indoor air will be collected during the tunnel air sampling event.

On the second day of the tunnel air sampling event, CH2M HILL and its subcontracted personnel will return to the
sample locations and will close the sample ports on the indoor air and ambient air SUMMA canisters. CH2M HILL
will arrive before 24 hours have elapsed since the canisters were opened to ensure that the canisters have not
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reached atmospheric pressure before closing the valves. The canisters will be shipped to the offsite laboratory for
analysis of the VOCs identified in the aforementioned vapor intrusion assessment approach to achieve DQO #2.

Investigation-derived Waste Management

IDW management procedures are detailed in the FSP and are generally described in the following paragraphs.

IDW will be placed in 55-gallon steel drums approved by the U.S. Department of Transportation. The drums
will be labeled (refer to the FSP for labeling procedures) and stored at a designated drum staging area at the
former Hanley Area. The drums will be transported from the point of generation to the staging area following
completion of groundwater grab sampling activities. IDW will be characterized to determine the appropriate
means of transport and disposal. Nonhazardous solid waste will be profiled, manifested, transported, and
disposed of at an appropriate offsite disposal facility. Material considered to be hazardous will be segregated
from nonhazardous waste, profiled, manifested, and transported offsite as hazardous waste to a permitted
hazardous waste facility, following USACE review and approval, and signature of the necessary paperwork by a
DoD representative.

Purge water generated during well development activities, groundwater sampling, and decontamination fluids
will be placed in a labeled 55-gallon drum and disposed of in the City of St. Louis combined stormwater and
sanitary sewer collection system upon approval from the St. Louis Metropolitan Sewer District. Trash and
personal protective equipment will be disposed of in a dumpster at the former Hanley Area.
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Worksheet #18—Sampling Locations and

Methods

The following table summarizes the sampling matrix, number of samples to be collected, analytical parameters, and the rationale for sampling location

described in Worksheet #17 (Sampling Design and Rationale).

TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen
Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
Seven Proposed Colocated  SLOP-MW-106-xxxxxx  Groundwater 25 15-35 VOCs 23 primary samples, 3 FD, SOP Low-flow Determine if site-related
Shallow and Deep and 2 MS/MSD per Groundwater Sampling  VOCs in shallow
Overburden Monitoring SLOP-MW-107-XXXXXX 18.5 10-27 sampling event groundwater north of
. SOP Water Sample

Well Pairs Along Stratford SLOP-MW-108 185 10-27 The number of FD and Collecti Volatil the former Hanley Area
Avenue (includes MW-107 ~IVI- HUE0000x ' ) MS/MSD samples are Oo ec '/ogfor 0 adl € could contribute to VI at
through MW-109) and at SLOP-MW-109-XXXXXX 19 10-28 contingent upon the rganic tompounds offsite residences and
PP-17 to Achieve DQO #1 quantity of samples SOP Water Level evaluate if further action
(Worksheet #11; Figure 10). SLOP-MW-110-XXXXXX 19 10-28 anticipated to be Measurements is warranted.
One round of groundwater collected from all of the
sampling of the existing SLOP-MW-112-xxxxxx 19 10-28 colocated monitoring well
monitoring wells is SLOP-MW-113-XXXXXX 185 10-27 pairs to achieve DQOs #1,
included. 3, 4,and 5.

SLOP-MW-114-XxxXXx 19 9-29

SLOP-MW-115-xxxxxx 38 33-43

SLOP-MW-116-Xxxxxxx 23 18-28

SLOP-MW-118-xxxxxx 31 26-36

SLOP-MW-119-xxxxxx 20 10-30

SLOP-MW-122-xxxxxx TBD TBD

SLOP-MW-123-Xxxxxx TBD TBD

SLOP-MW-124-XxxXXX TBD TBD

SLOP-MW-126-XXXXXX TBD TBD

SLOP-MW-107S5-XXXXXX TBD TBD

ES120313193830MKE

59



UFP-QAPP—RI/FS ACTIVITIES FOR OPERABLE UNIT 2 (VAPOR INTRUSION PATHWAY), ST. LOUIS ORDNANCE PLANT FORMER HANLEY AREA, ST. LOUIS, MISSOURI

TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen
Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
SLOP-MW-108S-XXXXXX TBD TBD
SLOP-MW-109S5-XxxxxXX TBD TBD
SLOP-MW-122S5-XXXXXX TBD TBD
SLOP-MW-123S-XXXXXX TBD TBD
SLOP-MW-124S-xxXXXX TBD TBD
SLOP-MW-126S-XXXXXX TBD TBD
One Proposed Colocated SLOP-MW-120-xxxxxx  Groundwater TBD TBD VOCs 3 primary samples, 1 FD,  SOP Low-Flow Confirm that the current
Shallow and Deep SLOP-MW-121-XXXXXX TBD TBD and 1 MS/MSD per Groundwater Sampling  LUC boundaries at
Overburden Monitoring sampling event SOP Water S i Plume C (under OU-1)
Well Pair West of MW-118 The number of FD and coll tfj e; m‘;u; et'/ are protective of the
and One Proposed Deep MS/MSD samples are OO ec ,IOZ orvo adl € groundwater direct
Monitoring Well East of contingent upon the rganic tompounds contact pathway for
MW-118 to Achieve DQO #3 quantity of samples SOP Water Level construction workers or
(Worksheet #11; Figure 10) anticipated to be Measurements to refine the LUC
collected from all of the boundary west and east
colocated monitoring well of MW-118 after the
pairs to achieve DQOs #1, western and eastern
3, 4,and 5. plume extent is
determined.
SLOP-MW-120S-XXXXXX TBD TBD Determine if site-related
VOCs in shallow
groundwater west of
MW-118 are potentially
contributing to VI at the
Job Corps facility and
evaluate if the impacts
warrant further action.
TBD Groundwater TBD TBD VOCs
TBD TBD TBD
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WORKSHEET #18—SAMPLING LOCATIONS AND METHODS

TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen

Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
Based on Groundwater TBD TBD TBD 4 primary samples, 1 FD,  SOP Low-Flow Determine if site-related
Investigation Along and 1 MS/MSD per Groundwater Sampling  VOCs in shallow
Stratford Avenue (DQO #1), sampling event. SOP Water Sample groundwater along
Three Proposed Colocated The number of FD and Collection for Volatile Stratford Avenue are
Shallow and Deep TBD TBD TBD MS/MSD samples are Organic Compounds above VISLs and
Overburden Monitoring contingent upon the evaluate if the impacts
Well Pairs Near Day Care quantity of samples SOP Water Level warrant action near the
Center to Achieve DQO #4 anticipated to be Measurements day care center.
(Worksheet #11; Figure 10) collected from all of the

colocated monitoring well
pairs to achieve DQOs #1,

3,4, and 5.
One Proposed Colocated SLOP-MW-125-xxxxxx  Groundwater TBD TBD VOCs 2 primary samples, 1 FD,  SOP Low-Flow This well pair would be
Shallow and Deep and 1 MS/MSD per Groundwater Sampling used to refine
Overburden Monitoring SLOP-MW-1255-xxxxxx TBD TBD sampling event groundwater flow
Well Pair Furthest West The number of FD and SOP ijter Sample. direction and to assess
Along Stratford Avenue to MS/MSD samples are Co/lect'/on for Volatile groundwater conditions.
Achieve DQO #5 contingent upon the Organic Compounds
(Worksheet #11; Figure 10) quantity of samples SOP Water Level
anticipated to be Measurements
collected from all of the
colocated monitoring well
pairs to achieve DQOs #1,
3, and 5.
VI Assessment at PP-2 PP02-SG-01-XXXXXX Subslab Soil NA NA VOCs 2 primary subslab soil gas  SOP Collection of Determine if site-related
Gas samples, 1 primary indoor Subslab Gas Samples VOCs in shallow
air sample, 1 outdoor air  Using SUMMA groundwater north of
PP02-5G-02-xxxxxx Subslab Soil NA NA sample, and 1 FD indoor  Canisters the former Hanley Area
Gas air sample per VI ) could contribute to VI at
SOP Collection of . .
PPO2-1A-0L-XX00KX Indoor Air NA NA assessment. Subslab Gas Samples offsite residences and
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TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen
Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
PP02-AA-01-XXXXXX Outdoor Air NA NA The number of FD Using SUMMA evaluate if further action
samples are contingent Canisters — Alternate is warranted.
upon the quantity of Method
samples anticipated to be
P P SOP Integrated
collected from all of the .
. . Ambient Indoor,
residences to achieve
Outdoor, and Crawl!
DQO #2. . .
Space Air Sampling
Method for Trace VOCs
Using SUMMA
Canisters
VI Assessment at PP-3 PP03-SG-01-XXXXXX Subslab Soil NA NA VOCs 1 primary subslab soil gas  SOP Collection of Determine if site-related
Gas sample, 1 primary indoor  Subslab Gas Samples VOCs in shallow
) air sample, 1 primary Using SUMMA groundwater north of
PPO3-1A-01-xxxxxx Indoor Air NA NA outdoor air sample, and  Canisters the former Hanley Area
PP0O3-AA-0T-300KXX Outdoor Air NA NA 1 FD subslab soil gas SOP Collection of cou!d cont.rlbute to Vl at
sample per VI offsite residences and
Subslab Gas Samples . .
assessment. Using SUMMA evaluate if further action
The number of FD sm'g is warranted.
. Canisters — Alternate
samples are contingent
. Method
upon the quantity of
samples anticipated to be  SOP Integrated
collected from all of the ~ Ambient Indoor,
residences to achieve Outdoor, and Crawl!
DQO #2. Space Air Sampling
Method for Trace VOCs
Using SUMMA
Canisters
VI Assessment at PP-4 PP04-SG-01-XxXXXXx Subslab Soil NA NA VOCs Up to 2 primary subslab SOP Collection of Determine if site-related
Gas soil gas samples, Subslab Gas Samples VOCs in shallow
) 1 primary indoor air Using SUMMA groundwater north of
TBD Subslab Soil NA NA sample, 1 outdoor air Canisters the former Hanley Area
Gas sample, and 1 FD indoor could contribute to VI at
PPO4-IA-01-XXXXXX Indoor Air NA NA offsite residences and
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TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen

Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
PP0O4-AA-01-XXXXXX Outdoor Air NA NA air sample per VI SOP Collection of evaluate if further action
assessment. Subslab Gas Samples is warranted.
The number of FD Using SUMMA
samples are contingent Canisters — Alternate
upon the quantity of Method

samples anticipated to be
collected from all of the
residences to achieve

SOP Integrated
Ambient Indoor,
Outdoor, and Crawl!

DQO #2.
Q Space Air Sampling
Method for Trace VOCs
Using SUMMA
Canisters
VI Assessment at PP-5 PP05-SG-01-XXXXXx Subslab Soil NA NA VOCs Up to 2 primary subslab SOP Collection of Determine if site-related
Gas soil gas samples, 1 Subslab Gas Samples VOCs in shallow
) primary indoor air Using SUMMA groundwater north of
TBD Subslab Soil NA NA sample, 1 outdoor air Canisters the former Hanley Area
Gas ; ;
sample, and 1 FD indoor . could contribute to VI at
. P | VI SOP Collection of ffsit id d
PPO5-1A-01-xxxxxx Indoor Air NA NA air sampie per Subslab Gas Samples ofisite re§| encesan .
assessment. ) evaluate if further action
. Using SUMMA .
PPO5-AA-01-XXXXXX Outdoor Air NA NA The number of FD ; is warranted.
. Canisters — Alternate
samples are contingent
Method

upon the quantity of

samples anticipated to be  SOP Integrated
collected from all of the  Ambient Indoor,

residences to achieve Outdoor, and Crawl!

DQO #2. Space Air Sampling
Method for Trace VOCs
Using SUMMA
Canisters
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TABLE 18-1

Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen
Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
VI Assessment at PP-17 PP17-SG-01-XXXXXX Subslab Soil NA NA VOCs 2 primary subslab soil gas  SOP Collection of Determine if site-related
Gas samples, 1 primary indoor Subslab Gas Samples VOCs in shallow
air sample, 1 outdoor air  Using SUMMA groundwater north of
PP17-5G-02-xxxxxx Subslab Soil NA NA sample, and 1 FD indoor  Canisters the former Hanley Area
Gas air sample per VI ) could contribute to VI at
SOP Collection of . .
PP17-1A-0 XXX Indoor Air NA NA assessment. Subslab Gas Samples offsite re§|dences and.
The number of FD ) evaluate if further action
PP17-AA-01-xxXXXX Outdoor Air NA NA samples are contingent Usm'g SUMMA is warranted.
upon the quantity of Canisters — Alternate
samples anticipated to be Method
collected from all of the  SOP Integrated
residences to achieve Ambient Indoor,
DQO #2. Outdoor, and Craw!
Space Air Sampling
Method for Trace VOCs
Using SUMMA
Canisters
Tunnel Air Sampling TUN-IA-01-XXXXXX Indoor Air NA NA VOCs Up to 3 primary indoor air SOP Integrated Determine if site-related
(Figure 14) samples, 3 outdoor air Ambient Indoor, VOCs in shallow
samples, and 1 FD indoor  OQutdoor, and Craw! groundwater in the
air sample per VI Space Air Sampling north portion of the
assessment. Method for Trace VOCs former Hanley Area
Using SUMMA could contribute to VI at
Canisters the adjacent Job Corps
facility and evaluate if
further action is
warranted.
TUN-AA-01-XXXXXX Outdoor Air NA NA
TUN-IA-02-XXXXXX Indoor Air NA NA
TUN-AA-02-XXXXXX Outdoor Air NA NA
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TABLE 18-1
Sample Locations and Sampling SOP Requirements

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Depth of  Screen
Sampling Location/Sample Sample* Interval  Analytical Estimated Number of Sampling SOP Rationale for Sampling
ID Sampling ID Matrix (ft bgs) (ft bgs) Group Samples (identify FDs) Reference Location
TUN-IA-03-xxxxxx Indoor Air NA NA
TUN-AA-03-XXXXXX Outdoor Air NA NA
MS/MSD = matrix spike/matrix spike duplicate; NA = not applicable; xxxxxx = sample date; TBD = to be determined

* = Depth of sample assumes collection of groundwater samples at the midpoint of the screened interval if the screen is fully submerged. Groundwater samples will be collected at the
midpoint of the water column if water is observed below the top of the screened interval.
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Worksheet #19 and #30—Sample Containers,
Preservation, and Hold Times

Worksheets #19 and #30 summarize the analytical methods for each sample matrix, including the required

sample volume, containers, preservation, and holding time requirements. Further information on the
laboratory analytical SOPs is provided in Worksheet #23 (Analytical SOP References).

TABLE 19-1

Sample Containers, Preservation and Hold Times—Empirical Laboratories, LLC
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Empirical Laboratories, LLC

Marcia McGinnity Certification: DoD ELAP
621 Mainstream Dr, Suite 270

Accreditation Expiration: Expiring November 30, 2015
Nashville, TN 37228

Phone: 615.345.1115 ext. 232 Sample Delivery Method: FedEx Overnight services
E-mail: mmginnity@empirlabs.com Data Deliverable: 21 Calendar Days
Analytical Analytical and Preservation Maximum Holding
Matrix Group Preparation Method Containers  Quantity Requirements Time

Groundwater  VOCs SW8260B/SW5030 40-milliliter 3 No headspace; 14 days from data
volatile 4 + 2 degrees Celsius, of collection
organic pH less than 2 with
analysis HCL
(VOA) vials

TABLE 19-2

Sample Containers, Preservation and Hold Times—Applied Sciences Laboratory
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Applied Sciences Laboratory

Ben Thompson Certification: DoD ELAP
1100 NE Circle Blvd Suite 300

Accreditation Expiration: September 2014
Corvallis, OR 97330

Phone: (541) 768-3132 Sample Delivery Method: FedEx Overnight services
E-mail: ben.thompson@ch2m.com Data Deliverable: 21 Calendar Days
Analytical Analytical and Preservation Maximum Holding
Matrix Group Preparation Method Containers Quantity Requirements Time
Subslab soil VOCs TO-15 SIM 6L Summa 1 NA Analyze within
gas, indoor air, Canister 30 days of sample
and outdoor collection
air
Notes:

L = liter; SIM = select ion mode
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Worksheet #20—Field QC Sample Summary

Field QC sampling requirements and procedures are specified in Section 5.2 of the FSP. The table below provides a summary of the types of samples to be
collected and analyzed during the initial phase of the RI (based on results of the initial phase of the RI, additional sampling may be required). Its purpose is
to show the relationship between the number of field samples and associated QC samples for each combination of analyte/analytical group and matrix.

Analyte/Analytical Field Field Matrix l\g:itkrclex Field Equipment Total
Matrix Group Samples Blanks FDs Spikes Duplicates Blanks Blanks Trip Blanks Other # Analyses
Groundwater VOCs 32 1 4 2 2 0 3 5 N/A 48
Subslab Soil Gas VOCs Upto9 0 1 0 0 0 0 0 N/A 10
Indoor Air VOCs 5 0 1 0 0 0 0 0 N/A 6
Outdoor Air VOCs Upto8 0 0 0 0 0 0 0 N/A 8
Tunnel Air VOCs Upto3 0 1 0 0 0 0 0 N/A 4
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Worksheet #21—Field SOPs

The field SOPs associated with the project sampling (including, but not limited to, sample collection and
sample handling and custody) are provided in the FSP (Appendix C).
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Worksheet #22—Field Equipment Calibration,
Maintenance, Testing, and Inspection

Field equipment and instruments to be used during the field investigation requiring calibration, maintenance,
testing, or inspection include a photoionization detector, a helium leak detector, a water-level indicator, a GPS
unit, and a water quality multi-parameter monitor. The frequency of calibration, maintenance, testing and
inspection, as well as any necessary corrective action will be in accordance with the manufacturer’s manual.

A calibration log is provided in the FSP (Appendix C).
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Worksheet #23—Analytical SOP References

The following LSOP references were provided by Empirical Laboratories and Applied Sciences Laboratory.
Note that the LSOPs have not been modified specifically for this project and may not reflect the exact
requirements of this document. The LSOPs are supplemented by internal communication systems within the
laboratory to disseminate the project requirements and UFP-QAPP to technical staff. LSOPs are provided as

Appendix B.
Matrix/ Modified for
Reference Title, Revision Number, Definitive/ Analytical Organization Project Work?
Number and Date Screening Data Group Instrument Performing Analysis (Y/N)
LSOP-01 GC/MS volatiles by Definitive Water: GC/MS Empirical Laboratory N
Method E624 and VOCs
SW846, Method 82608,
including Appendix IX
compounds.
Revision 23.
September 2012.
LSOP-02 Analytical method for Definitive Vapor: GC/MS Applied Sciences N
the determination of VOCs Laboratory

volatile organic
compounds in air by
Method TO-14A/TO-15
using canisters and
GC/MS in Scan or SIM
Mode. Revision 13.
March 2012.

GC/MS = gas chromatography/mass spectrometry
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Worksheet #24—Analytical Instrument Calibration

To confirm that the analytical methods and the selected instrumentation meet the project requirements, each
analytical instrument will be calibrated according to the procedures outlined in the tables provided in
Worksheet #28 (Analytical Quality Control and Corrective Action). Worksheets #24 and #28 have been combined
together for efficiency and ease of use to the CH2M HILL project chemist and the laboratory. The information
provides documentation on corrective actions, flagging criteria for laboratory services, and expectations for
analytical services. Tables meet the requirements of both Worksheet #28 (Analytical Quality Control and
Corrective Action) and Worksheet #24 (Analytical Instrument Calibration). Tables are presented by method and
reflect the requirements of the DoD QSM Version 4.2 (DoD 2010) and individual method requirements.
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Worksheet #25—Analytical Instrument and
Equipment Maintenance, Testing, and Inspection

To confirm that the analytical instrument and equipment are available and in working order when needed, all

laboratory analytical equipment will be maintained and tested in accordance with procedures described in the
LSOPs (Appendix B).
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Worksheet #26 and #27—Sampling Handling,
Custody, and Disposal

To verify sample authenticity and data defensibility, a complete sample handing system will be followed from
the time of sample collection to final sample disposal.

The field team leader or designee will be responsible for the sample collection, sample packing, and coordination
of sample shipment. The samples will be sent to the respective laboratories by Federal Express overnight.
Detailed information regarding sample handling, custody, and shipping requirements for the field staff are
provided in the FSP (Appendix C). Laboratory procedures are summarized in the following subsections.

Laboratory Sample Custody Procedures

A designated laboratory representative will accept the shipped samples and verify that the received samples
match those on the chain-of-custody record. The condition, temperature, and appropriate preservation of the
samples should be checked and documented on the chain-of-custody form. The occurrence of any anomalies
in the received samples and their resolution should be documented in the laboratory records. All sample
information will then be entered into a tracking system, and unique analytical sample identifiers will be
assigned. The laboratory will review this information for accuracy.

The laboratory must supply sample receipt confirmation within 24 hours of sample receipt that includes the
following:

o Afully executed copy of the chain-of-custody received with the samples

e Sample acknowledgement letter and log-in report

e Cooler and sample receipt form noting any problems, breakages, holding time issues, temperature
exceedances, inconsistencies between the chain of custody, purchase order, and project instructions, etc.

Sample holding-time tracking begins with the collection of samples and continues until the analysis is
complete. Holding times for analytical methods required for this project are specified in Worksheet #19 and
#30 (Sample Containers, Preservation and Hold Times). Subcontracted analyses will be documented with the
chain-of-custody form. Procedures ensuring internal laboratory chain-of-custody also will be implemented and
documented by the laboratory. Specific instructions concerning the analysis specified for each sample will be
communicated to the analysts. Analytical batches will be created, and laboratory QC samples will be
introduced into each batch.

Samples will be stored in limited-access, temperature-controlled areas. Refrigerators, coolers, and freezers will
be monitored for temperature 7 days a week. Acceptance criterion for the temperatures of the refrigerators
and coolers is 4 plus or minus 2 degrees Celsius. Acceptance criterion for the temperatures of the freezers is
lower than minus 7 degrees Celsius. All of the cold storage areas will be monitored by thermometers that have
been calibrated with a National Institute Standards and Technology (NIST)-traceable thermometer. As
indicated by the findings of the calibration, correction factors may be applied to each thermometer. Records
regarding acceptance criteria will be maintained.

Samples will be stored for 30 days after analysis and reporting, at which time the samples will be disposed of.
The samples will be disposed of in accordance with applicable local, state, and federal regulations. Disposal
records will be maintained by the laboratory. SOPs describing sample control and custody will be maintained
by the laboratory.
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Worksheet #28—Analytical Quality Control and
Corrective Action

Worksheet #28 presents analytical QC requirements relevant to analysis of environmental samples that will be
followed by laboratories producing definitive data. The purpose of the laboratory QC activities is to produce
data of known quality sufficient to meet the project-specific DQOs. Laboratory QC samples will follow method
specific requirements of the DoD QSM version 4.2 (Appendix F of the QSM; DoD 2010) and/or the analytical
method and are presented in Table 28-1 and 28-2.

Laboratory QC samples must be included in an analytical batch with the field samples. An analytical batch is a
group of samples (not exceeding 20 environmental samples plus associated laboratory QC samples) similar in
composition (matrix) that are extracted or digested at the same time and with the same lot of reagents and
analyzed together as a group. The analytical batch also extends to cover samples that do not need separate
extraction or digestion. The identity of each analytical batch will be unambiguously reported with the analyses
so that a reviewer can identify the laboratory QC samples and the associated environmental samples. The type
of laboratory QC samples and the frequency of use of these samples are discussed below and in method-
specific LSOPs.

Detection Limits

The DLs will be completed for all target analytes and matrices in accordance with the DoD QSM Version 4.2
(DoD 2010). The laboratory will establish DLs for each method, matrix, and analyte. The information has been
provided in tables of Worksheet #15. The DL is used along with other measurements of sensitivity, such as the
LOD and LOQ.

If multiple instruments are used, the DL used for reporting purposes will represent the least sensitive
instrument response for each compound or element spiked.

Limit of Detection

The DL will be used to determine the LOD for each analyte and matrix and for all preparatory and cleanup
methods routinely used on samples, as follows. After each DL determination, the laboratory must immediately
establish the LOD by spiking a quality system matrix at approximately two to three times the DL (for a single-
analyte standard) or one to four times the DL (for a multi-analyte standard). The spike concentration
establishes the LOD; it is specific to each combination of analyte, matrix, method (including sample
preparation), and instrument configuration. The LOD must be verified quarterly.

The following requirements apply to the initial DL and LOD determinations and to the quarterly LOD
verifications:

e The apparent signal-to-noise ratio at the LOD must be at least 3, and the results must meet all method
requirements for analyte identification (for example, ion abundance, second-column confirmation, or
pattern recognition). For data systems that do not provide a noise measurement, the signal produced by
the verification sample must produce a result that is at least three standard deviations greater than the
mean method blank concentrations.

e If a laboratory uses multiple instruments for a given method, the LOD must be verified for each
instrument.

o If the LOD verification fails, the laboratory must repeat the DL determination and LOD verification at a
higher concentration, or perform and pass two consecutive LOD verifications at a higher concentration and
set the LOD at the higher concentration.

The laboratory will maintain documentation for all DL determinations and LOD verifications.
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Limit of Quantitation

The range at which quantitative results may be obtained with a specified degree of confidence for the method
is referred to as the LOQ. The laboratory will verify LOQs by including a standard equal to or below the LOQ as
the lowest point on the calibration curve.

If a result is greater than the DL and less than the LOQ, the result will be reported as a detected concentration
and flagged “J.” If no detected concentration is determined down to the DL, the result will be reported to the
LOQ concentration (with the added variables of sample dilution, final volume, and sample mass included),
reported as a nondetect result, and flagged “U.” A detected result greater than or equal to the LOQ will be
reported without a qualifying flag unless a specific QA/QC failure is associated with the data. No results below
the DL will be reported.

At a minimum, the LOQ must be verified quarterly. The laboratory procedure for establishing the LOQ must
empirically demonstrate precision and bias at the LOQ. The LOQ and associated precision and bias must meet
project-specific requirements and must be reported. If the method is modified, precision and bias at the new
LOQ must be demonstrated and reported.

DLs, LODs, and LOQs are provided in Worksheet #15 (Project Action Limits and Laboratory Specific
Detection/Quantitation Limits). LODs are expected to be two to three times greater than the DL and below the
LOQ. The DLs, LODs, LOQs were compared to the project-specific screening criteria to determine whether they
will meet the analytical DQOs. If the DL or the LOD is below the screening criterion, the LOQ is sufficient for
project decision making. Otherwise, other analyte-specific factors (for example, potential use at the site,
mobility, or toxicity) may be discussed in the PQOs on a more qualitative basis.

Sample dilution because of target and or non-target compound concentrations or matrix interference could
prevent LOQs from being achieved. Samples initially must be analyzed while undiluted when reasonable. If
dilution is necessary, both the original and diluted results must be reported. Any samples that are not analyzed
undiluted must have the express approval of CH2M HILL within extraction and analysis holding time and be
supported by matrix interference documentation, such as sample viscosity, color, odor, or results from other
analyses of the same sample, to show that undiluted analysis is not possible. Appropriate cleanup procedures
must be followed to minimize matrix effects on LOQs.

Calibration

All analytes reported must be present in the initial and continuing calibrations. The calibrations must meet the
acceptance criteria specified in the tables provided in this QAPP. All results reported must be within the
calibration range. Samples will be diluted, if necessary, to bring analyte responses within the calibration range.
Records of standard preparation and instrument calibration will be maintained. Records must unambiguously
trace the standards and their use in calibration and quantitation of sample results.

Instrument calibration will be performed by beginning with the simplest approach first, the linear model
through the origin, and then progressing through other options until the acceptance criteria are met. In cases
where an analyte has more than one acceptable calibration model, results from the simplest calibration model
will be reported. If more than the minimum number of standards is analyzed for the initial calibration (ICAL),
all of the standards analyzed will be included in the ICAL. The only exception to this rule is that a standard at
either end of the calibration curve can be dropped from the calibration, providing that the requirement for the
minimum number of standards is met and the low point of the calibration curve is at or below the reporting
limit (RL) for each analyte.

Calibrations must use the simplest calibration model first. Non-linear calibration will be considered only when
a linear approach cannot be applied. It is not acceptable to use an alternate calibration procedure when a
compound fails to perform in the usual manner. When this occurs, it is indicative of instrument issues or
operator error.
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The continuing calibration verification (CCV) cannot be used as the laboratory control sample (LCS), except for
methods that do not involve sample preparation. A CCV will be performed daily before sample analysis (unless
an ICAL and second-source standard verification is performed immediately before sample analysis) and as
required by the applicable method. In accordance with National ELAP requirements, the laboratory will analyze
the CCV concentration to vary throughout the calibration range. Finally, the lowest standard used must be at
or below the RL for each analyte in the method.

Laboratory Control Samples

An LCS is a sample of known composition that is spiked with all target analytes. The LCS is used with each
analytical batch to determine whether the method is in control. Each analyte in the LCS will be spiked at a level
less than or equal to the midpoint of the calibration curve, which is defined as the median point of the curve
instead of the middle of the range. The LCS will be carried through the complete sample preparation and
analysis procedure. Except for VOC analysis, the LCS cannot be used as the CCV.

At least one LCS will be included in every analytical batch. If more than one LCS is analyzed in an analytical
batch, results from all LCSs will be reported. Failure of an analyte in any LCS will necessitate appropriate
corrective action, including qualification of the failed analyte in all of the samples, as required.

LCS Control Limits

The LCS limits specified in Worksheet #15 (Project Action Limits and Laboratory Specific Detection/Quantitation
Limits) will be used for this project. The LCS limits are based on those specified in the DoD QSM Version 4.2
(DoD 2010). Laboratory historical control limits will be used for methods not listed in the DoD QSM.

The performance of the LCS is evaluated against the QC acceptance limits. When an analyte in the LCS is
outside the acceptance limit, corrective action will be performed.

Marginal Exceedance

The laboratory may not use marginal exceedances as part of their data review practice, but are encouraged to
contact the CH2M HILL project chemist to discuss compound-specific failures as needed.

Matrix Spike/Matrix Spike Duplicate

An MS or MSD is an aliquot of sample collected in the field and spiked with known masses and concentrations
of all target analytes in the laboratory. The spiking will occur before sample preparation and analysis. Each
analyte in the MS and MSD must be spiked at a level less than or equal to the midpoint of the calibration curve
for that analyte. The MS/MSD is used to document potential matrix effects associated with a site and will not
be used to control the analytical process. The MS/MSD results and flags will not be associated with or related
to samples that are collected from the same site where the MS/MSD set were collected. The field team leader
will select the samples for MS/MSDs and the laboratory will use the samples to prepare the appropriate
MS/MSDs.

The performance of the MS and MSD will be evaluated against the QC acceptance limits outlined in
Worksheet #15 (Project Action Limits and Laboratory Specific Detection/Quantitation Limits). If either the MS
or the MSD is outside the QC acceptance limits, the data will be evaluated to determine whether there is a
matrix effect or analytical error, and the analytes in the parent sample and associated FD (if applicable) will be
qualified according to the data flagging criteria of this QAPP.

If the sample concentration exceeds the spike concentration by a factor of four or more, the data will be
reported unflagged. The laboratory should communicate potential matrix difficulties to the CH2M HILL project
chemist so an evaluation can be made with respect to the project-specific DQOs.

Surrogates

Surrogates are compounds similar to the target analytes in chemical composition and behavior in the analytical
process, but not normally found in environmental samples. Surrogates are used to evaluate accuracy, method
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performance, and extraction efficiency. Surrogates will be added to environmental samples, controls, and
blanks, in accordance with the method requirements.

If a surrogate recovery is outside the acceptance limit, corrective action must be performed. After the system
problems have been resolved and system control has been re-established, the sample will be re-prepared and
re-analyzed. If corrective actions are not performed or are ineffective, an appropriate flag will be applied to
the sample results. Surrogate spikes that have been diluted out will not be flagged.

Internal Standards

Internal standards are known amounts of standards that are added to a portion of a sample or sample extract
and carried through the entire determination procedure. They are used as a reference for calibration and for
controlling the precision and bias of the analytical method. Internal standards will be added to environmental
samples, controls, and blanks, in accordance with the method requirements.

If the results of the internal standards are outside of the acceptance limits, corrective actions will be
performed. After the system problems have been resolved and system control has been reestablished, all
samples analyzed while the system was malfunctioning will be re-analyzed. If corrective actions are not
performed or are ineffective, an appropriate flag will be applied to the sample results.

Retention Time Windows

Retention time (RT) windows are used in gas chromatography (GC), ion chromatography, and high-
performance liquid chromatography analysis for qualitative identification of analytes. They are calculated from
replicate analyses of a standard on multiple days. The procedure and calculation method are given in SW-846,
Method 8000C. The center of the RT window is established for each analyte and surrogate using the RT of the
midpoint standard of the ICAL. For non-MS methods, they are updated daily using the absolute RT in the ICAL
verification.

If the RT is outside the acceptance limits, corrective action will be performed—this applies to all CCV
subsequent to the ICAL verification and to LCSs. If corrective actions are not performed or are ineffective, an
appropriate flag will be applied to the sample results.

Method Blank

A method blank is an analyte-free matrix to which all reagents are added in the same volumes or proportions
as used in sample processing. The method blank is carried through the complete sample preparation and
analytical procedure, and is used to assess potential contamination resulting from the analytical process.

A method blank will be included in every analytical batch. The presence of analytes in a method blank at
concentrations greater than the LOD indicates the need for further assessment of the data. The source of
contamination will be investigated and measures will be taken to correct, minimize, or eliminate the problem if
the concentration exceeds one-half the LOQ. For common laboratory contaminants (for example, methylene
chloride, acetone, or phthalates), the method blank must not exceed the LOQ. No analytical data will be
corrected for the presence of analytes in blanks.

If an analyte is detected in the method blank and in the associated samples and corrective actions are not
performed or are ineffective, an appropriate flag may be applied to the sample results.

Quality Control Checks

Holding-time Compliance

All sample preparation and analyses will be performed within the method-required holding times, except as
noted in Worksheet #19 (Sample Containers, Preservation and Hold Times). Some methods have more than
one holding-time requirement (for example, Method SW8260C). For methods not requiring sample
preparation, holding time is calculated from the time of sample collection to the time of completion of all
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analytical runs. For methods requiring sample preparation before analysis, holding time is calculated from the
time of preparation completion to the time of completion of all analytical runs.

Holding times are determined based on days, hours, and minutes. If the time of sample collection is not
provided, the laboratory must assume the most conservative time of day. If holding times are exceeded and
the analyses are performed, the results must be flagged according to the procedures described in this
worksheet, except as noted in a table within Worksheet #19 (Sample Containers, Preservation and Hold Times)
and identified in the data-package case narrative.

Standard Materials

Standard materials (including second source materials) used in calibration and sample preparation must be
traceable to NIST, USEPA, American Association of Laboratory Accreditation (A2LA), or other equivalent approved
source, if available. If an NIST, USEPA, or A2LA standard material is not available, the standard material proposed
for use must be included in an addendum to the project-specific QAPP and approved before use.

The standard materials must be current, and the following expiration policy must be followed:

e Expiration dates for amputated solutions should not exceed the manufacturer’s expiration date or one
year from the date of receipt, whichever comes first.

e Expiration dates for laboratory-prepared stock and diluted standards must be no later than the expiration
date of the stock solution or material or the date calculated from the holding time allowed by the
applicable analytical method, whichever comes first.

e Expiration dates for pure chemicals will be established by the laboratory and be based on chemical
stability, possibility of contamination, and environmental and storage conditions.

e Expired standard materials will be either re-validated before use or discarded. Re-validation may be
performed through assignment of a true value and error window statistically derived from replicate
analyses of the material as compared to an unexpired standard. The laboratory will label standard and QC
materials with expiration dates.

A second source standard will be used to independently confirm the ICAL. A second source standard is a
standard purchased from a vendor different from that supplying the material used in the ICAL. The second
source material can be used for the continuing calibration standards and/or for the LCS. Two different lot
numbers from the same vendor do not normally constitute a second source. However, when a project requires
analyses for which there is not a separate vendor source available, the use of different lot numbers from the
same vendor will be acceptable to verify calibration.

Supplies and Consumables

The laboratory will inspect supplies and consumables before their use in analysis. The materials description in the
methods of analysis will be used as a guideline for establishing the acceptance criteria for these materials. Purity
of reagents will be monitored and documented. An inventory and storage system for these materials will assure
use before manufacturers’ expiration dates and storage under safe and chemically compatible conditions.
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TABLE 28-1

Summary of Calibration and Quality Control Procedures for Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Minimum Acceptance Corrective Flagging
QC Check Frequency Criteria Action? Criteria®
Mass spectrometer Before ICAL and calibration Refer to criteria listed in method description. Retune instrument Not appropriate.
tuning check verification and verify.

Use
bromofluorobenzene

Multipoint ICAL for all  Before sample analysis

analytes (minimum
five standards)

Second-source
calibration
verification

Once per ICAL

RT window position
establishment for
each analyte and
surrogate

RT window
verification for each
analyte

Once per ICAL

Each sample

88

Average response factor (RF) for SPCCs:

> 0.30 for chlorobenzene and 1,1,2,2-tetrachlorolethane; > 0.1 for
chloromethane, bromoform, and 1,1-DCA.

RSD for RFs for CCCs:

<30% and one option below:

Option 1: Linear—RSD for each analyte < 15%.

Option 2: Linear—linear least squares regression r > 0.995 for each
analyte.

Option 3: Nonlinear—COD > 0.99 (6 points will be used for second
order, 7 points will be used for third order). Non-linear calibrations
models are not a preferred option and must only be used for
compounds that typically will not demonstrate a linear model.

All analytes within + 20% of expected value.

Position will be set using the midpoint standard of the ICAL curve.
On days when an ICAL is not performed, the CCV is used.

Relative retention time (RRT) of the analyte within £ 0.06 RRT units
of ICAL. Laboratories may update the RTs based on the CCV to
account for minor performance fluctuations or after routine
system maintenance (for example, column clipping.

With each sample, the RRT will be compared with the most
recently updated RRT. If the RRT has changed by more than

+0.06 RRT units since the last update, there has been a significant
change in system performance and the laboratory must take
appropriate corrective actions as required by the method and
rerun the ICAL to re-establish the RTs.

Correct problem,
then repeat ICAL.

Correct problem and
verify second-source
standard. Rerun
second-source
verification. If that
fails, correct problem
and repeat ICAL.

NA.

Correct problem
then reanalyze all
samples analyzed
since the last RT
check.

Problem must be
corrected.

Samples may not be
analyzed until there is
a valid ICAL.
Calibration may not
be forced through the
origin.

Problem must be
corrected.

Samples may not be
analyzed until the
calibration has been
verified.

NA.

Not appropriate, no
target compounds
are to be reported
when the RRT is out
of control.
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TABLE 28-1

Summary of Calibration and Quality Control Procedures for Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Check

Minimum
Frequency

Acceptance
Criteria

Corrective
Action?

Flagging
Criteria®

ccv

ISs

Method blank

LCS for all analytes

ES120313193830MKE

Daily, before sample analysis
(unless ICAL performed on
same day), and after every
12 hours of analysis time

Each sample, standard, and QC
sample

One per analytical batch

One LCS per analytical batch

Average RF for SPCCs :
> 0.30 for chlorobenzene and 1,1,2,2-tetrachlorolethane;
> 0.1 for chloromethane, bromoform, and 1,1-DCA.

All analytes within £ 20% D of expected value from ICAL.

RT £ 30 seconds from RT of the internal standards in the ICAL
midpoint standard.

Extracted ion current profile area within -50% to +100% of area
from internal standards in ICAL mid-point standard.

No analytes detected > % LOQ.

For common laboratory contaminants,
no analytes detected > LOQ.

See Worksheet #36.

Acceptance criteria: Worksheet #15.

Correct problem,
then rerun CCV. If
that fails, repeat
ICAL.

Inspect mass
spectrometer and GC
for malfunctions and
make corrections as
appropriate.
Reanalysis of
samples analyzed
while the system was
malfunctioning is
mandatory.

Assess data.

Correct problem.

If necessary,
reprepare and
analyze method
blank and all samples
processed with the
contaminated blank.
Correct problem,
then reanalyze.

If still out, reprepare
and reanalyze the
LCS and all samples
in the affected batch.

If reanalysis cannot
be performed, data
must be qualified and
explained in the case
narrative. Apply
Q-flag to all results
for the specific
analyte(s) in all
samples since last
acceptable CCV
Apply Q-flag to all
results for analytes
associated with a
failed internal
standards (unless a
matrix effect can be
verified), then apply
M-flag.

Apply B-flag to all
associated positive
results for the
specific analyte(s), as
appropriate.

See Worksheet #36.

If corrective action
fails, apply Q-flag to
the specific analyte(s)
in all samples in the
associated
preparatory batch.
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TABLE 28-1

Summary of Calibration and Quality Control Procedures for Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Minimum Acceptance Corrective Flagging
QC Check Frequency Criteria Action? Criteria®
MS/MSD One per 20 samples per matrix ~ Acceptance criteria: Worksheet #15. Assess data to For the specific

as a minimum and as defined
on the chain-of-custody form

Surrogate spike Every sample, spiked sample, Acceptance criteria: Worksheet #15.
standard, and method blank

determine whether
there is a matrix
effect or analytical
error. Analyze LCS for
failed target
analytes. Potential
matrix effects should
be communicated to
CH2M HILL so an
evaluation can be
made regarding the
PQOs.

Correct problem,
then reprepare and
reanalyze the

analyte(s) in all
samples collected
from the same site
matrix as the parent,
apply J-flag if:

(1) %R for MS or
MSD > upper control
limit

(2) %R for MS or
MSD < lower control
limit

(3) MS/MSD RPD >
control limit

Apply Q-flag to all
associated analytes if
acceptance criteria

affected samples. are not met.
If matrix effect is
verified, discuss in
case narrative.
DL study (as part of At initial setup and then once DLs established in accordance with the DoD QSM Version 4.2. Continue the DL NA.
the LOD process; per 12-month period or All analytes must be detected and identified by method-specified study until all criteria
see Section D.1.2.1 of  quarterly DL verification criteria for the verification check to be valid, or the verification are met.
the DoD QSM€) check must produce a response that is at least 3 times the

instrument noise level and greater than the response in the blanks
associated with the DL study.
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TABLE 28-1
Summary of Calibration and Quality Control Procedures for Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri
Minimum Acceptance Corrective Flagging

QC Check

Frequency

Criteria

Action?

Criteria®

LOD determination
and verification (see
Section D.1.2.1 and
Box D-13 of the DoD
QSM€)

LOQ establishment
and verification (see
Section D.1.2.2 and
Box D-14 of the

DoD QSMC)

Results reported
between the DL and
LOD, and the LOD
and LOQ

ES120313193830MKE

At initial setup and verified
quarterly (if a laboratory uses
multiple instruments for a
given method, the LOD must
be verified on each)

At initial setup: (1) verify LOQ;
and (2) determine precision
and bias at the LOQ; then
verify LOQ quarterly (if a
laboratory uses multiple
instruments for a given
method, the LOQ must be
verified on each; see Box D-14
of DoD QSM¢

None

The apparent signal-to-noise ratio must be at least 3 and the
results must meet all method requirements for analyte

identification.

(1) The LOQ and associated precision and bias must meet client
requirements and must be reported, or (2) in the absence of client
requirements, must meet LCS control limits.

See Box D-14 of the DoD QSM.¢

None.

If the LOD
verification fails, the
laboratory must

(1) repeat the DL
determination and
LOD verification at a
higher concentration
or (2) perform and
pass two consecutive
LOD verifications at a
higher concentration.
The LOD is set at the
higher concentration.
If the LOQ
verification fails, the
laboratory must
either establish a
higher LOQ or modify
method to meet the
client-required
precision and bias.

None.

NA; samples may not
be analyzed without
avalid LOD.

NA; samples may not
be analyzed without
avalid LOQ.

Apply J-flag to all
results between DL
and LOQ. If no result
below the LOQ,
report to the LOD,
flag “U.”
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TABLE 28-1

Summary of Calibration and Quality Control Procedures for Method SW8260B
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Minimum Acceptance Corrective Flagging
QC Check Frequency Criteria Action? Criteria®
Demonstrate Prior to using any test method QC acceptance criteria published by DoD, if available; otherwise Recalculate results; NA. Thisis a
acceptable analyst and at any time there is a method-specified criteria. locate and fix demonstration of
capability significant change in problem, then rerun ability to generate

demonstration for
those analytes that
did not meet criteria
(see Section C.1.f of
the DoD QSM¢).

instrument type, personnel, or
test method (see Appendix C of
DoD QSM )

acceptable accuracy
and precision using
four replicate
analyses of a QC
check sample (for
example, LCS or PT
sample). No analysis
will be allowed by an
analyst until
capability is
demonstrated.

aCorrective actions associated with project work will be documented, and records will be maintained by the laboratory. The analysis technician is responsible for corrective

actions.

bFlagging criteria will be applied when acceptance criteria were not met and corrective action was not successful or corrective action was not performed.

¢DoD. 2010. DoD Quality Systems Manual for Environmental Laboratories. Version 4.2. October.

Notes:
D = difference when using RFs or drift when using least square, regression, or nonlinear calibration
RRT = relative retention time
RSD = relative standard deviation
92
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WORKSHEET #28—ANALYTICAL QUALITY CONTROL AND CORRECTIVE ACTION

TABLE 28-2

Summary of Calibration and Quality Control Requirements for TO-15 SIM
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Check

Frequency

Criteria

Corrective Action?

Flagging Criteria

BFB Tune Check

Multi-Point Initial
Calibration (minimum five
points)

Initial Calibration
Verification

Ccv

Method Blank

Surrogate spike

LCS

Laboratory Duplicate

Canister/Flow Controller
Certification (Individual)

ES120313193830MKE

Once per
24-hour tune window

Prior to sample
analysis, or when
calibration verification
fails

Once following each
ICAL

At the start of each
analytical sequence

At least one per
analytical batch

Every standard,
sample, method blank,
and LCS

At least one per
analytical batch

At least one per
analytical batch

Prior to sampling

Must meet the method tune
criteria

%RSD of <30%

Analytes within £30% of
expected value

Analytes within £30% of
expected value

No analytes detected at or
above the LOQ

Acceptance criteria:
Worksheet #15

Acceptance criteria:
Worksheet #15

RPD + 25%

Canisters/Flow Controllers
must be certified clean to
the DL for each analyte

Re-tune.

Correct the problem and repeat the ICAL.

Reanalyze. If still unacceptable, correct the
problem and repeat the ICAL.

Reanalyze. Correct the problem, then
recalibrate and reanalyze all samples.

Reanalyze. If still unacceptable, reanalyze
the blank and all samples in the analytical
batch. If still unacceptable, flag all associated
data in the analytical batch.

Reanalyze. If still unacceptable, flag all
associated data in the analytical batch.

Reanalyze. If still unacceptable, correct the
problem and reanalyze the LCS and all
samples in the analytical batch. If still
unacceptable, flag all associated data in the
analytical batch.

Reanalyze. If still unacceptable, flag all
associated data in the analytical batch.

None

Not appropriate.

Problem must be corrected.

Samples may not be analyzed until there is a
valid ICAL.

Calibration may not be forced through the origin.

Problem must be corrected.

Samples may not be analyzed until there is a
valid ICAL.

Apply Q-flag to all results for the specific
analyte(s) > 30% D for all samples associated
with the calibration verification.

Apply B-flag to all associated positive results for
the specific analyte(s) as appropriate. See
Worksheet #36.

Apply Q-flag to all associated analytes if
acceptance criteria are not met.

If corrective action fails, apply Q-flag to the
specific analyte(s) in all samples in the associated
preparatory batch.

If corrective action fails, apply J-flag to the
specific analyte(s) in the sample.

Not applicable.

93
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TABLE 28-2

Summary of Calibration and Quality Control Requirements for TO-15 SIM
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Check

Frequency

Criteria

Corrective Action?

Flagging Criteria

DL Study (as part of the LOD
process; see Section D.1.2.1
of the DoD QSM)

LOD Determination and
Verification (see

Section D.1.2.1 and

Box D-13 of the DoD QSM)

LOQ Establishment and
Verification (see

Section D.1.2.2 and

Box D-14 of the DoD QSM)

94

At initial setup and
then once per
12-month period or
quarterly DL
verification

At initial setup and
verified quarterly (if a
laboratory uses
multiple instruments
for a given method,
the LOD must be
verified on each)

At initial setup: (1)
verify LOQ; and (2)
determine precision
and bias at the LOQ;
then verify LOQ
quarterly (if a
laboratory uses
multiple instruments
for a given method,
the LOQ must be
verified on each; see

Box D-14 of DoD QSM.

DLs established in
accordance with the DoD
QSM Version 4.2.

All analytes must be
detected and identified by
method-specified criteria for
the verification check to be
valid, or the verification
check must produce a
response that is at least

3 times the instrument noise
level and greater than the
response in the blanks

associated with the DL study.

The apparent signal-to-noise
ratio must be at least 3 and
the results must meet all
method requirements for
analyte identification.

(1) The LOQ and associated
precision and bias must
meet client requirements
and must be reported, or
(2) in the absence of client
requirements, must meet
LCS control limits.

See Box D-14 of the DoD
QSM.

Continue the DL study until all criteria are
met.

If the LOD verification fails, the laboratory
must (1) repeat the DL determination and
LOD verification at a higher concentration,
or (2) perform and pass two consecutive
LOD verifications at a higher concentration.
The LOD is set at the higher concentration.

If the LOQ verification fails, the laboratory
must either establish a higher LOQ or modify
method to meet the client-required
precision and bias.

NA.

NA; samples may not be analyzed without a valid
LOD.

NA; samples may not be analyzed without a valid
LoQ.
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WORKSHEET #28—ANALYTICAL QUALITY CONTROL AND CORRECTIVE ACTION

TABLE 28-2

Summary of Calibration and Quality Control Requirements for TO-15 SIM
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Check Frequency Criteria Corrective Action? Flagging Criteria

Results reported between None None None Apply J-flag to all results between DL and LOQ. If

the DL and LOD, and the no result below the LOQ, report to the LOD, flag

LOD and LOQ “u.”

Demonstrate acceptable Prior to using any test QC acceptance criteria Recalculate results; locate and fix problem, NA. This is a demonstration of ability to generate

analyst capability method and at any published by DoD, if then rerun demonstration for those analytes  acceptable accuracy and precision using four
time there is a available; otherwise method- that did not meet criteria (see Section C.1.f replicate analyses of a QC check sample (for
significant change in specified criteria. of the DoD QSM. example, LCS or PT sample). No analysis will be

instrument type,
personnel, or test
method (see
Appendix C of DoD
QsMm).

allowed by an analyst until capability is
demonstrated.

aCorrective actions associated with project work will be documented, and records will be maintained by the laboratory. The analysis technician is responsible for corrective actions.

ES120313193830MKE
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Worksheet #29—Project Documents and Records

The required data package deliverables during every aspect of the project are identified in this worksheet,
which include, but are not limited to the following: (1) sample collection and field measurement records,
(2) analytical records, and (3) data assessment records.

Sample Collection and Field Measurement Records

Sample collection and field measurement records generally include field logbooks, photo documentation,
equipment decontamination records, sampling instrument calibration records, boring logs, well construction
diagrams, correspondence, chain-of-custody forms, and air bills.

The FSP (Appendix C) describes the procedures used to track field samples and identifies documentation
procedures, project file requirements, and project-related reporting.

Analytical Records
Analytical Data Deliverables

Hard-copy deliverables must be provided with a summary format forms package, equivalent to those specified
in the latest versions of USEPA Contract Laboratory Program Statements of Work for Organics Analyses or
Contract Laboratory Program-like as long as the format provides summarized, form oriented reporting , meet
all method specifications, and are fully able to be validated. Reporting formats require approval from the
CH2M HILL project chemist. The following information will be provided in the data package :

e Cover letter complete with the following information:

— Report title and laboratory unique report identification (sample delivery group number)

- Project name and site location

- Name and location of laboratory and second-site or subcontracted laboratory

- Client name and address

- Statement of authenticity and official signature and title of person authorizing report release.
e Table of contents
e (Case narrative that addresses the following information at a minimum:

- Sample receipt discrepancies that may affect data usability, such as bubbles in the groundwater
samples, temperature exceedances, etc.

- Table summarizing samples received, correlating field sample numbers, laboratory sample numbers,
and laboratory tests completed

- Descriptions of nonconformances in the sample receipt, handling, preparation, analytical, and
reporting processes and the corrective action taken in each occurrence

- Identification of samples and analytes for which manual integration was necessary
- Identification and justification for sample dilution
- Discussion of all qualified data and definition of qualifying flags

e Field identification number

e Date received

e Date prepared
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e Date analyzed (and time of analysis if the holding time is less than or equal to 48 hours)
e Preparation and analytical methods

e Result for each analyte (dry weight basis for soils)

e Percent solids results for soil samples

e Dilution factor (provide both diluted and undiluted results when available)

e Sample-specific RL adjusted for sample size, dilution/concentration

e Sample-specific DL adjusted for sample size, dilution/concentration (when project objectives require
reporting less than the RL)

e Units
e Surrogate percent recoveries

e MS/MSD and LCS spike concentrations, native sample results, spiked sample results, percent recoveries,
and RPD between the MS and MSD results; Associated QC limits also must be provided

e Method blank results
e Analytical batch reference number that cross references samples to QC sample analyses

e Analytical sequence or laboratory run log that contains sufficient information to correlate samples
reported in the summary results to the associated method QC information, such as initial and continuing
calibration analyses

e Internal standard recovery and RT information, as applicable

e |Initial calibration summary, including standard concentrations, RFs, average RFs, RSDs or correlation
coefficients, and calibration plots or equations, if applicable

e CCV summary, including expected and recovered concentrations and percent differences

e Instrument tuning and mass calibration information for GC/mass spectrometry

e Other method-specific QC sample results

e Sample preparation logs that include the following information (provided on CD when requested):
— Preparation start and end times
— Beginning and ending temperatures of water baths, digestion blocks, etc.

e Example calculation for obtaining numerical results from at least one sample for each matrix analyzed;
provide algorithm (provided on CD when requested)

e Reconstructed total ion chromatograms or selected ion current profiles for each sample (or blank)
analyzed and mass spectra for each compound identified, including (provided on CD when requested):

— Raw compound spectra
— Enhanced or background spectra
e Executed chain of custody and sample receipt checklist

The laboratory is only required to submit the above summarized data deliverable as requested. However, at a
later date, the project may request the laboratory to provide the associated raw data, instrument printouts,
logbook pages, etc. Therefore, the data for this project will be collected and documented in such a manner
that will allow the generation of data packages that can be used by an external data auditor to reconstruct the
analytical process.
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WORKSHEET #29—PROJECT DOCUMENTS AND RECORDS

In addition to the hard copy data, a portable document format (PDF) version of the data and a CD containing
the data package in PDF format and the EDD will be provided as part of the laboratory deliverable.

Electronic Analytical Record Format

CH2M HILL will obtain EDDs in SEDD version 5.0, compliant with the project specific supplied library. The
laboratory will verify that the quality, content, and format comply with the latest SEDD requirements.

Data Assessment Records

Data assessment records include, but are not limited to, data validation reports and corrective action reports.
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Worksheet #31, #32, and #33—Assessments and Corrective Actions

Periodic assessments will be performed during the course of the project so that the planned project activities are implemented in accordance with this
document. The type, frequency, and responsible parties of planned assessment activities to be performed for the project, as well as, any corrective action
measures, are summarized in the table below.

Person(s)
Responsible Person(s) Person(s)
for Responsible for Responsible for
Responsible Responding to Assessment Implementing Monitoring
Party and Assessment Timeframe of Assessment Response Timeframe of Corrective Corrective Action
Assessment Type Organization  Frequency Deliverable Notification Findings Documentation Response Actions Implementation
Field Procedure  Glynn Weekly Internal 1 business day  Tony Internal 1 business day Glynn Roberts/  Chris English/
Assessment and  Roberts/ Memorandum Swierczek/ Memorandum CH2M HILL CH2M HILL
Work Plan CH2M HILL CH2M HILL
Compliance
Field Tony Daily Internal 1 business day  Tony Internal 1 business day Glynn Roberts/  Chris English/
Documentation  Swierczek/ Memorandum Swierczek/ Memorandum CH2M HILL CH2M HILL
Reviews CH2M HILL CH2M HILL
Health and Carl Woods/ Once during Internal 3-5 business Carl Woods/ Written Audit 24 hrs after Chris English/ Glynn Roberts/
Safety Audit CH2M HILL field Memorandum days CH2M HILL Report notification CH2M HILL CH2M HILL
sampling
activities
Sample Condition Glynn After Internal e-mail 24 hrs after Shane Lowe/ Internal and 24 hrs after Chris English/ Shane Lowe/
Report Roberts/ samples are sample receipt CH2M HILL External e-mail notification CH2M HILL CH2M HILL
CH2M HILL received at
the
laboratory
Data Validation ~ Shane Lowe/  After Internal and 14 business Laboratory QA Internal and 7 business days  Laboratory QA Doug Scott/
CH2M HILL receiving external e-mail days Manager external Manager CH2M HILL
data form corrective action
laboratory reports, updated
and during case narratives,
data and corrected
validation data submissions
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Person(s)
Responsible Person(s) Person(s)
for Responsible for Responsible for
Responsible Responding to Assessment Implementing Monitoring
Party and Assessment Timeframe of Assessment Response Timeframe of Corrective Corrective Action
Assessment Type Organization  Frequency Deliverable Notification Findings Documentation Response Actions Implementation
Data Quality Shane Lowe/  One for each Internal and 30 days after Recipients Internal and 7-10 business Shane Lowe/ Doug Scott/
Evaluation CH2M HILL property External Report completion of  listed in external days CH2M HILL CH2M HILL
Report after all data validation Distribution responses to
are Memorandum comments and
validated (Worksheet applicable report
#3) revision
Internal Project  Chris English/  Once per Internal Report 7-10 business  Chris English/  Internal and 7-10 business Varies Anthony Swierczek/
Reporting CH2M HILL report Comments days CH2M HILL external days dependent upon CH2M HILL
Reviews and/or per responses to the expertise
report comments and required by the
version applicable report CH2M HILL
revision senior reviewers
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Worksheet #34—Data Verification and Validation
Inputs

To confirm that scientifically sound data of known and documented quality are used in making project

decisions. This worksheet establishes the procedures that will be followed to verify and validate project data

including, but are not limited to, sampling documents and analytical data packages.

Item

Description

Verification
(completeness)

Validation

(conformance to

specifications)

Planning Documents/Records

1
2
3
4

Approved QAPP
Contract

Field SOPs
Laboratory SOPs

Field Records

5
6
7
8
9

10
11
12
13
14

Field logbooks

Equipment calibration records
Chain-of-custody forms
Sampling diagrams/surveys
Drilling logs

Geophysics reports

Relevant correspondence
Change orders/deviations
Field audit reports

Field corrective action reports

Analytical Data Package

15
16
17
18
19
20
21
22
23
24
25
26
27

Cover sheet (laboratory identifying information)
Case narrative

Internal laboratory chain-of-custody

Sample receipt records

Sample chronology (dates and times of receipt, preparation, and analysis)
Communication records

DL/LOD/LOQ establishment and verification
Instrument calibration records

Definition of laboratory qualifiers

Results reporting forms

QC sample results

Corrective action reports

EDD

<X X X X

X X X X X X X X X X

X X X X X X X X X X X X X

X X X X X X X X X X

X X X X X X X X X X X X X
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Worksheet #35—Data Verification Procedures

Data verification is a completeness check to confirm that all required activities were conducted, all specified

records are present, and the contents of the records are complete. It applies to both field and laboratory records.

Verification Input

Description

Person(s) Responsible for Verification

Chain-of-Custody
and Shipping Forms

Field Notebooks

Field SOPs

Onsite Screening
(such as
photoionization
readings)

Field Audit Reports
and Corrective
Actions

Analytical SOPs

Laboratory Data

Method QC Results

Field QC Sample
Results

Quantification
Limits

Laboratory
Corrective Actions

Project Reports

Chain-of-custody forms and shipping documentation will be
reviewed internally upon their completion and verified
against the packed sample coolers they represent. The
shipper’s signature on the chain-of-custody forms will be
initialed by the reviewer, a copy of the chain-of-custody
retained in the project file, and the original and remaining
copies taped inside the cooler for shipment.

Field notes will be reviewed internally at the end of each
working day and placed in the project file.

Verify that the sampling SOPs were followed.

Verify that the field data meets QAPP requirements for
completeness and accuracy based on field calibration
records.

Verify that applicable field audits and Health and Safety
meetings were completed and that all required corrective
action were defined, implemented and effective.

Verify that the analytical SOPs were followed.

Laboratory data packages will be verified internally by the
laboratory performing the work for completeness and
technical accuracy prior to submittal. Received data
packages will be validated internally by the

CH2M HILL project chemist.

Verify that the required QC samples were run and met
required limits.

Verify that the required field QC samples were run and met
required limits.

Verify that the sample results met the project quantification
limit specified in the QAPP.

Verify that applicable laboratory corrective actions were
defined, implemented and effective.

Project reports will undergo a QA review by
CH2M HILL senior staff with applicable expertise dependent
upon the content of the report.

Glynn Roberts/CH2M HILL

Glynn Roberts/CH2M HILL

Glynn Roberts/CH2M HILL

Glynn Roberts /CH2M HILL

Glynn Roberts /CH2M HILL
Chris English/CH2M HILL

Laboratory QA Officer/ASL
Laboratory QA Officer/Empirical
Shane Lowe/CH2M HILL

Laboratory QA Officer/ASL

Laboratory QA Officer/Empirical
Shane Lowe/CH2M HILL

Laboratory QA Officer/ASL
Laboratory QA Officer/Empirical
Shane Lowe/CH2M HILL

Laboratory QA Officer/ASL
Laboratory QA Officer/Empirical
Shane Lowe/CH2M HILL
Shane Lowe/CH2M HILL

Laboratory QA Officer/ASL
Laboratory QA Officer/Empirical
Shane Lowe/CH2M HILL

Various/CH2M HILL
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Worksheet #36—Data Validation Procedures

The objective of the data validation is to assess the performance associated with the analysis in order to
determine the quality of the data, which will be accomplished by evaluating whether the collected data comply
with the pre-defined project requirements (including method, procedural, or contractual requirements) and by
comparing the collected data with criteria established based on the project DQOs.

All types of data, including screening data and definitive data, are relevant to the usability assessment.
The following sections focus on the data review requirements for definitive data only.

TABLE 36-1

Validation Summary

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Analytical
Matrix Group Validation Criteria Data Validator
Groundwater VOCs Defined in WS#28, Tables 36-3 through 36-5 and Shane Lowe/CH2M HILL
below
Vapor VOCs Defined in WS#28, Tables 36-3 through 36-5 and Shane Lowe/CH2M HILL
below

Data Review Requirements for Definitive Data

Scientifically sound data of known and documented quality that meet the DQOs are essential to the decision
making process. Data will be examined and evaluated to varying levels of detail and specificity by a variety of
personnel who have different responsibilities within the data management process. Data assessment includes
verification, review, validation, evaluation and usability assessment. The data review process will be
documented to facilitate efficient and accurate assessment of data quality and usability. The overall usability
of the data is indicated with appropriate qualifiers.

Laboratory Requirements

The analytical data package must contain adequate information and be presented in a clear and concise
manner. The laboratory data package should be organized such that the analytical results are reported on a
per analytical batch basis, unless otherwise specified. A reviewer should be able to determine the PARCCS of
the data, based on the information contained in the data package. Additional information may be required,
depending on the detail of data review performed.

A schedule should be established so that data packages (that is, sample delivery groups) are provided in a
timely manner to CH2M HILL for data review, validation, assessment, and use. This includes identifying the
anticipated number of these data packages to be generated for the project.

Laboratory Data Reporting Requirements
The following requirements should be met for reporting:

e LODs and sample results should be reported to one decimal place more than the corresponding LOQ,
unless the appropriate number of significant figures for the measurement dictates otherwise.

e Samples will be analyzed undiluted if possible. Nondetects will be reported to the LODs. LODs and LOQs for
minority chemicals in highly-contaminated samples may have to be adjusted because of dilutions.
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Manual Integrations

Manual integrations are an integral part of the chromatographic analysis process and will be done only as

a corrective action measures. Examples of instances where manual integration would be warranted include,
but are not limited to, co-eluting compounds resulting in poor-peak resolution, a misidentified peak, an
incorrect RT, or a problematic baseline.

When manual integrations are used, the following procedures will be implemented to document the event and
for consistency in performing the manual integration:

e An LSOP will be followed for manual integrations. This SOP will specify the following: (1) when automated
integrations by the instrument are likely to be unreliable, (2) what constitutes an unacceptable automated
integration, (3) how the problems should be resolved by the analyst, and (4) the procedures for the analyst
to follow in documenting any required manual integrations.

e Raw data records will include a complete audit trail for those manipulations, including the following:
(1) results of both the automated and manual integrations, (2) notation of the cause and justification for
performing the manual integrations, (3) date, and (4) signature or initials of person performing the manual
operations.

e All manual integrations must be reviewed and approved by the section supervisor and/or the QA officer.
e All manual integrations must be identified in the case narrative.

Laboratory Data Review Requirements

All definitive data will be reviewed first by the laboratory analyst and then by the laboratory supervisor of the
respective analytical section using the same criteria before they are submitted to CH2M HILL. This internal data
review process, which is multi-tiered, should include all aspects of data generation, reduction, and QC
assessment. Elements for review or verification at each level must include, but are not limited to, the following:

e Sample receipt procedures and conditions

e Sample preparation

e Appropriate LSOPs and methodologies

e Accuracy and completeness of analytical results

e Correct interpretation of all raw data, including all manual integrations

e Appropriate application of QC samples and compliance with established control limits
e \Verification of data transfers

e Documentation completeness

e Accuracy and completeness of data deliverables (hard copy and electronic)

Laboratory Data Evaluation

The calibration, QC, corrective actions, and flagging requirements for definitive data are provided in
Worksheet #28 (Analytical Quality Control and Corrective Action). Data qualifiers should be applied by the
laboratory as part of their internal validation activities. The allowable data qualifiers for definitive data are Q,
E, J, B, and U. The definitions of the data qualifiers are provided in the Table 36-2. Flagging criteria apply when
acceptance criteria are not met and corrective actions were not successful or not performed. The data
qualifiers must be reviewed by the supervisor of the respective analytical sections.

The laboratory QA section should perform a 100 percent review of 10 percent of the completed data packages.
The laboratory project representative should complete a final review on all the completed data packages.

CH2M HILL project chemist or designee will subsequently evaluate the flags applied by the laboratory as part
of their data review and usability assessment activities. The flags may be accepted, modified, or rejected. For
all data qualifiers that are changed, clear justification will be provided. All Q-flagged data will be evaluated and
either accepted without qualification, accepted with qualification, or rejected.
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WORKSHEET #36—DATA VALIDATION PROCEDURES

TABLE 36-2

Laboratory Data Qualifiers

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Qualifier Description

Q This indicates that one or more QC criteria fail. Data must be carefully assessed by CH2M HILL (or project team) with
respect to the project-specific requirements and evaluated for usability. Subsequent assessment by DoD may result in
rejection of data.

J The analyte was positively identified; the quantitation is an estimation because of discrepancies in meeting certain
analyte-specific QC criteria.

The analyte was found in an associated blank above one half the LOQ, as well as in the sample.
U The analyte was analyzed for but not detected.

E Exceeds calibration range of the instrument.

CH2M HILL Requirements

CH2M HILL has overall responsibility for data quality and may be assisted in its review by external
organizations. Regardless of who performs the data review, the individual(s) should possess the disciplinary
expertise, experience, and theoretical knowledge to perform the task, and a complete understanding of the
intended use of the data and the relationship of the QC results to the usability of the data.

Data Verification Guidelines

CH2M HILL Project Chemist will review the data verification performed by the laboratory for completeness and
accuracy. Data verification may be done electronically or manually, or by a combination of both. The
verification process includes, but is not limited to the following:

e Sampling documentation (such as the chain-of-custody form)
e Preservation summary and holding times

e Presence of all analyses and analytes requested

e Use of required sample preparation and analysis procedures
e LODs and LOQs

e Correctness of concentration units

e (Case narrative

Data Validation Guidelines

Data validation extends data verification and is used to confirm that the requirements for a specific intended
use are fulfilled. Data validation is the systematic process of evaluating the compliance of the data with the
pre-defined requirements of the project (including method, procedural, or contractual requirements) and
compliance of the data against criteria based on the quality objectives documented in this document. The
purpose of data validation is to assess the performance associated with the analysis in order to determine the
quality of the data. Data validation includes a determination, to the extent possible, of the reasons for any
failure to meet performance requirements, and an evaluation of the impact of such failures on the usability of
the data. The project chemist may add or delete data qualifier flags during validation.

Validation will be performed on an analytical batch basis by assessing QC samples and associated field sample
results. Data validation guidelines have been developed in accordance with the method requirements,
professional judgment and general DoD requirements. The following information will be reviewed as part of a
Level-lll type summary data validation:

e Chain-of-custody documentation
e Holding time
e QCsample frequencies
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e Method blanks

LCS

Surrogate spikes

MS/MSD

Initial and continuing calibration information

e Internal standards

e Tuning criteria

e FD precision

e Case narrative review and other method-specific criteria

Raw Data Review

Data review can involve an in-depth review of the raw data to verify accuracy followed by analysis and
interpretation of the data in the context of the project objectives and end-use as part of the usability
assessment. The review may include but is not limited to the following:

e Method-specific instrument calibration and QC parameters

e Raw data and chromatograms

e System performance

e Proper integration (if applicable)

e Spectral matches, and/or RTs to verify analyte identification (where applicable)
e Random check of calculations

e Interference problems or system performance problems

e Estimated results (such as F-qualifiers)

e Resolution by the laboratory of any identified problems, as necessary

ADR.net will be used to perform the comparisons against the limits for elements of QC that are available in the
laboratory electronic deliverables. Calibration, internal standards and tuning criteria will be reviewed manually
in the laboratory data packages. The process will include data flagging for issues related to method blanks,
equipment blanks, trip blanks, ambient blanks, LCSs, MS/MSD samples, FDs, surrogate recoveries, holding
time, and reconciliation of dilutions and re-extractions. All of the elements of QC, their limits, and the logic for
applying flags will be incorporated in the electronic database. Data flags, as well as the reason for each flag,
will be entered into an electronic database and made available to the data users. A final flag is applied to the
data by the data validator/chemist after evaluating all flags entered into the database and selecting the most
conservative flags.

Data Assessment and Interpretation

This phase of the data validation process (assessment) may include but is not limited to the review of the following:

o All Q-flagged data and final determination of its usability

e All B-flagged data and final determination of its usability

e lLaboratory and field blank contamination and parallel contamination in samples

e Duplicate and replicate sample analyses

o All M-flagged data

e Potential LCS failure where marginal exceedances criteria may apply

e Impact of multiple data issues on the final analytical results

e Deficiencies identified during data verification and assessment of their impact on the sample results
e Incorporation of site-specific factors and assessment of their impact on the data

e Assessment of data usability and assignment of final data qualifiers listed in Table 36-3, as necessary
e Discussion of completeness, representativeness, and comparability

Data flags, as well as the reason for each flag, will be entered into an electronic database and made available
to the data users. A final flag is applied to the data by the data validator/chemist after evaluating all flags

entered into the database and selecting the most conservative flags.
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ADR.net will be used to perform the comparisons against the limits for elements of QC that are available in the
laboratory electronic deliverables. Calibration, internal standards and tuning criteria will be reviewed manually
in the laboratory data packages. The process will include data flagging for issues related to method blanks,
equipment blanks, trip blanks, ambient blanks, LCSs, MS/MSD samples, FDs, surrogate recoveries, holding
time, and reconciliation of dilutions and re-extractions. All of the elements of QC, their limits, and the logic for
applying flags will be incorporated in the electronic database.

A data validation report will be prepared to summarize the findings and their impact on the overall data
usability. This may be incorporated into the final usability assessment.

Method Blank Evaluation Guidance

For method blanks, the source of contamination should be investigated. If one-half the LOQ is exceeded, the
laboratory should evaluate whether reprocessing of the samples is necessary using the following criteria:

(1) the method blank contamination exceeds a concentration greater than 1/10 of the measured concentration
of any sample in the associated preparation batch; or (2) there is evidence indicating that the blank
contamination otherwise affects the sample results. Except when the sample analysis resulted in a nondetect, all
samples associated with method blank contamination and meeting these criteria must be reprocessed in a
subsequent preparation batch. If no sample volume remains for reprocessing, the results will be reported with a
B-flag, along with any other appropriate data qualifier. If an analyte is found only in the method blank, but not in
any batch samples, no flagging is necessary. Method blank contamination must be addressed in the case
narrative.

CH2M HILL project chemist will evaluate laboratory B-qualified data such as method blanks, as well as other
field blanks based on the concentration of the analyte in the samples in relation to the concentration in the
blank. The B-flag may be removed and not used if the analyte concentrations in the samples are much higher
(= 5 times) than in the blank (> 10 times in case of common laboratory contaminants). Any blank
contamination that may impact data usability must be discussed in conjunction with project-specific goals.
When a data set contains low-level detects in field samples and has associated field or laboratory blanks that
have detects at similar concentrations, this suggests that the low-level detects in these field samples may be
artifacts because of either field or laboratory practices. A sample detect that is < 5 times the blank
contamination (< 10 times for common laboratory contaminants) may be considered a nondetect and flagged
“U” at the detected concentration.

Duplicate Evaluation Guidance

QC measures for precision include FDs, field replicates, laboratory duplicates, MSDs, analytical replicates, and
surrogates. These measures will be evaluated by the laboratory and qualified according to applicable
procedures, with the exception of the FDs.

Specifically, FDs should be sent to the laboratory as blind samples and should be given unique sample
identification numbers. These sample results can be used to assess field sampling precision, laboratory
precision, and, potentially, the representativeness of the matrix sampled. Flagging of results associated with
FDs should be assigned such that the level of uncertainty required, as provided by the project-specific
objectives, is taken into account.

Poor overall precision may be the result of one or more of the following: field instrument variation, analytical
measurement variation, poor sampling technique, sample transport problems, or spatial variation
(heterogeneous sample matrices). To identify the cause of imprecision, the project team should evaluate the
field sampling design rationale and sampling techniques, and review both field and analytical duplicate sample
results. If poor precision is indicated in both the field and analytical duplicates, then the laboratory may be the
source of error. If poor precision is limited to the FD results, then the sampling technique, field instrument
variation, sample transport, and/or spatial variability may be the source of error. If data validation reports
indicate that analytical imprecision exists for a particular data set or sample delivery group, then the impact of
that imprecision on usability must be discussed in the report.
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Flagging Conventions

The allowable final data qualifiers for definitive data and the hierarchy of data qualifiers, listed in order of the
most severe through the least severe, are R, J, UJ, and U. Their definitions are summarized in Table 36-3.

TABLE 36-3

Usability Assessment Data Qualifiers

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Qualifier Description

R The data are rejected because of deficiencies in meeting QC criteria and may not be used for decision making.

J The analyte was positively identified; the quantitation is an estimation because of discrepancies in meeting certain
analyte-specific QC criteria or the analyte was positively identified but the associated concentration is an estimation
above the DL and below the LOQ.

uJ The analyte was not detected; however, the result is estimated because of discrepancies in meeting certain analyte-
specific QC criteria.

u The analyte was analyzed for, but not detected or is qualified as nondetect because of blank contamination.

Table 36-4 presents the specific guidelines for applying these data usability qualifiers and includes additional
information that is not included in the table as published by the DoD QSM Version 4.2, but can be used to help
define additional general flagging criteria applied (in some cases based on professional judgment). Table 36-5

presents the final data reporting flag conventions to be used in compliance with the DoD QSM version 4.2.

TABLE 36-4

General Data Qualifying Conventions
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Requirement

Criteria

Flag

Flag Applied To

Holding Time

Sample
Preservation

Sample Integrity
(SW8260)

Instrument Tuning

Initial Calibration

112

Time exceeded for extraction or analysis by
a factor of 2 or more

Sample not preserved (If sample
preservation was not done in the field but
was performed at the laboratory upon
sample receipt, no flagging is required,
metals only)

Temperature out of control

Bubbles in VOA vial greater than 4mm
(pea-size) used for analysis

Mass assignment error or lon abundance
method-specific criteria not met

All analytes must be within method-
specified criteria

%RSD greater than 15% and no calibration
curve used or linear calibration curve used
R less than 0.990 or R2 less than 0.995
(SW8260)

%RSD >30% (TO-15 SIM)

J for the positive results; R or UJ for
nondetects*

J positive results; R or UJ for
nondetects*

J for positive results; UJ for
nondetects* R based on
professional judgment

J for the positive results; UJ for
nondetects R based on professional
judgment

R for all results, if critical ions
involved, use judgment otherwise

J for positive results; UJ for
nondetects, R based on professional
judgment

All analytes in the
sample

Sample

Sample

Sample

All associated
samples in analytical
batch

All associated
samples in analytical
batch
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TABLE 36-4

General Data Qualifying Conventions
UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Requirement

Criteria

Flag

Flag Applied To

Second Source
Check or Continuing
Calibration

LCS

Internal Standards

Surrogate Spikes

Organic Blanks
(Method,
Equipment,
Ambient or Trip)
Field duplicates or
laboratory
duplicates

MS/MSD

RT Window

Canister Pressure
(not applicable to
Grab Samples)

ES120313193830MKE

All analytes must be within method-
specified criteria

%RSD greater than 20% (SW8260); %RSD
greater than 30%

(TO-15 SIM)

Organics:

%R greater than UCL

%R less than LCL and greater than 10%
%R less than LCL and less than 10%

Area greater than UCL
Area less than LCL

Sample is re-extracted and reanalyzed and
recovery outside of criteria is confirmed as a
matrix effect

%R greater than UCL

%R less than LCL and greater than 10%
%R less than 10%

Excessive dilution

Analyte(s) detected greater than 1/2 LOQ
(use the blank of the highest concentration)

Both sample results greater than 5 times
LOQ and RPD greater than UCL

or

One or both samples less than 5 times LOQ
and a difference between results of +2 times
LOQ for water and air

%R greater than UCL

%R less than LCL and >10%

%R less than 10%

or

MS/MSD RPD greater than CL;

Sample concentration greater than 4x spike
concentration; Excessive dilution*

Analyte within established window

If Initial pressure less than 28 inches Hg

If Final pressure greater than 20 inches Hg:

Slight change (20-27 inches)
No change in pressure

High Bias: J for positive results, no
flag for nondetects

Low Bias: J for positive results, UJ
for nondetects

J positive/R all nondetects greater
than twice the control criteria
J for the positive results;

J for the positive results; UJ for the
nondetects

J for the positive results; R for the
nondetects
J for positive results

J for the positive results; UJ for the
nondetects

If area is to low based on
professional judgment, UJ or R
nondetects

J for positive results

J for positive results; UJ for
nondetects

J for positive results; R for
nondetects

No flag required
U for positive sample results < 5x

highest blank concentration (10x for
common laboratory contaminants)

J for the positive results

J for the positive results UJ for the
nondetects

J for positive results

J for positive results; UJ for
nondetects

J for positive results; R for
nondetects

J for positive results
No flag required

R for all results

J for positive results; UJ for
nondetects

J for positive results; UJ for
nondetects

Apply R to all data.

All associated
samples in analytical
batch

The specific analyte(s)
in all samples in the
associated analytical
batch

Sample

Sample

All samples in
preparation, field or
analytical batch,
whichever applies

The specific analyte(s)
in all samples
collected on the same
sampling date

Note: No flagging is
required for RPDs
based on J-flagged
results

The specific analyte(s)
in the parent sample

Sample

Sample
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TABLE 36-4

General Data Qualifying Conventions

UFP-QAPP—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

QC Requirement Criteria Flag Flag Applied To

If less than 2 inches Hg—Sampling time Apply J to detects and UJ to
cannot be verified. Qualify data as nondetects
estimated.

Canister/Flow Analyte(s) detected greater than DL U for positive sample results Sample

controller < 5x blank concentration (10x for

Certification common laboratory contaminants)

(Individual)

* = Based on analyte-specific review

CL = control limit .

. L QC = quality control

LCL = lower confidence limit o o

LOQ = limit of quantitation

LCS = laboratory control sample . o
. UCL = upper confidence limit

MS = matrix spike . . .

o . VOA = volatile organic analysis
MSD = matrix spike duplicate

ND = not detected

TABLE 36-5
Data Qualifying Conventions—Quantitation
Remedial Investigation of Operable Unit 2 at the St. Louis Ordnance Plant, Former Hanley Area, St. Louis, MO

Criteria Flag
<DL U, UJ at the LOD
>DL< LOQ J
>L0Q As needed
> high standard/linear range J

Examples:

DL=2, LOD =4, LOQ = 15, sample is undiluted.

Example #1: Analytical result: not detected; reported result: <4U.
Example #2: Analytical result: 3; reported result: 3J.

Example #3: Analytical result: 10; reported result: 10J.

Sample #4: Analytical result: 15; reported result: 15.
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Worksheet #37—Data Usability Assessment

The data usability assessment is an evaluation based on the results of data verification and validation in the
context of the overall project decisions or objectives. The assessment is used to determine whether the project
execution and resulting data meet the project DQOs. Both the sampling and analytical activities must be
considered, with the ultimate goal of assessing whether the final, qualified results support the decisions to be
made with the data.

The following sections summarize the processes to determine whether the collected data are of the right type,
quality, and quantity to support the environmental decision making for the project, and describe how data
quality issues will be addressed and how limitations of the use of the data will be handled.

Summary of Usability Assessment Processes

Data gaps may be present if (1) a sample is not collected, (2) a sample is not analyzed for the requested
parameters, or (3) the data are determined to be unusable. The need for further investigation will be
determined on a case-by-case basis, depending on whether data can be extrapolated from adjacent sample
locations, and whether the data are needed based on the results from adjacent sample locations.

The CH2M HILL project chemist and the laboratory will confirm that the collected data meet the LODs, LOQs,
and laboratory QC limits specified in this document. During the data validation assessment, nonconformances
will be documented, and data will be qualified accordingly. The CH2M HILL project chemist will determine
whether the data are usable based on the requirements specified in this document.

All data as qualified by the CH2M HILL project chemist are considered useable, with the exception of rejected
data. Estimated and/or biased results are considered usable. Outliers, if present, can be addressed on a case-
by-case basis. There is no generic formula for determining whether a result is an outlier. Potential outliers will
be referred to a statistician and/or senior consultant, who will determine which formulas are appropriate for

classifying data points in a statistically appropriate and defendable manner.

Evaluative Procedures to Assess Project-Specific Overall
Measurement Error

Overall measurement error is normally associated with both sampling design and quality and quantitative
measures performed in both the field and laboratory. In-depth assessment will be performed during the data
review and validation processes to assess conformance with the field SOPs, LSOPs, and objectives of this
document. Qualifiers will be used to indicate overall usability of the data.

Personnel Responsible for Performing Usability Assessment

Doug Scott/CH2M HILL Project Chemist

Shane Lowe/CH2M HILL Project Chemist

Chris English/CH2M HILL PM

Anthony Swierczek/CH2M HILL QC Systems Manager
Loren Lund/CH2M HILL Senior Technical Consultant

Usability Assessment Documentation

All the results will be assembled and statistically reported for an overall quality assessment in a data validation
report, which will be provided as an appendix to the technical memorandum. The data validation report will
identify precision and accuracy exceedances with respect to the laboratory performance for each batch of
samples, as well as comparability of field and laboratory duplicates. Discussion will cover PARCC criteria as
described in the following subsections.
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Precision

Laboratory precision is measured by the variability associated with duplicate (two) or replicate (more than
two) analyses. One type of sample that can be used to assess laboratory precision is the LCS. Multiple LCS
analyses over the duration of the project can be used to evaluate the overall laboratory precision for the
project. In this case, the comparison is not between a sample and a duplicate sample analyzed in the same
batch, but between LCSs analyzed in multiple batches.

Total precision is the measurement of the variability associated with the entire sampling and analytical
process. The required levels of precision for each method, matrix, and analyte are provided in Worksheet #15
(Project Action Limits and Laboratory Specific Detection/Quantitation Limits). Precision is determined by
analysis of duplicate field samples, laboratory duplicates, and/or MSDs. Field duplicate samples, laboratory
duplicate, and MSD samples should be analyzed to assess field and laboratory precision at a frequency as
described in Worksheet #20 (Field QC Summary). For duplicate sample results, the precision is evaluated using
the RPD. For replicate results, the precision is measured using the RSD. The formula for the calculation of RPD
and RSD are provided below.

If calculated from duplicate measurements:

RPD = 100%x 1 = C2) "

(C, +C2)X;

Where:
RPD = relative percent difference

C1= larger of the two observed values
C, = smaller of the two observed values

e If calculated from three or more replicates, use RSD rather than RPD:
RSD =100% x (s/Y) (2)
Where:
RSD = relative standard deviation

s = standard deviation

Y = mean of replicate analyses

Standard deviation, 0, is defined as follows:

O_:Zn: (yi_y) (3)

i1 n-1
Where:
O = standard deviation
yi= measured value of the ith replicate
V = mean of replicate analyses
n= number of replicates

Accuracy

Accuracy reflects the total error associated with a measurement. A measurement is considered accurate when

the reported value agrees with the true value or known concentration of the spike or standard within
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acceptable limits. Analytical accuracy is measured by comparing the percent recovery (%R) of analytes spiked
into an LCS or MS to a control limit. For many methods of organic compound analysis, surrogate compound
recoveries also are used to assess accuracy and method performance for each sample analyzed.

Both accuracy and precision are calculated for each analytical batch, and the associated sample results are
interpreted by considering these specific measurements. The formula for calculation of accuracy is included
below as %R from pure and sample matrices. Accuracy requirements are listed for each method, matrix, and
analyte in Worksheet #15 (Project Action Limits and Laboratory Specific Detection/Quantitation Limits).

For measurements where MSs are used:

%R:lOO%x{SC_U} (4)

sa

Where:

%R = percent recovery

S = measured concentration in spiked aliquot

U = measured concentration in unspiked aliquot
Csq = actual concentration of spike added

For situations where a LCS is used instead of or in addition to MSs:

%R :100%>{§m } (5)

sm

Where:

%R = percent recovery
Cm = measured concentration of LCS

Csm = actual concentration of LCS

Representativeness

Representativeness is a qualitative term that refers to the degree in which data accurately and precisely
depicts the characteristics of a population, whether referring to the distribution of contaminant within a
sample, a sample within a matrix, or the distribution of a contaminant at a site. Representativeness is
determined by appropriate program design, with consideration of elements such as sampling locations.
Objectives for representativeness are defined for each sampling and analysis task and are a function of the
investigative objectives. Assessment of representativeness will be achieved through use of the standard field
sampling and analytical procedures. Decisions regarding sample locations process and numbers and the
statistical sampling design are documented in Worksheets #10 (Conceptual Site Model), #11 (Project/Data
Quality Objectives), and #17 (Sampling Design and Rationale).

Comparability

Comparability is a qualitative indicator of the confidence with which one data set can be compared to another
data set. The objective for this QA/QC program is to produce data with the greatest possible degree of
comparability. The number of matrices that are sampled and the range of field conditions encountered are
considered in determining comparability. Comparability is achieved by using standard methods for sampling
and analysis, reporting data in standard units, normalizing results to standard conditions, and using standard
and comprehensive reporting formats. Complete field documentation using standardized data collection forms
supports the assessment of comparability. Historical comparability can be achieved through consistent use of
methods and documentation procedures throughout the project. Assessment of comparability is considered
subjective and the results should be interpreted by experienced environmental professionals with a clear
knowledge of the PQOs and project decisions.
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Completeness

Completeness is a measure of the amount of valid data obtained compared with the amount that was
expected to be obtained under correct, normal conditions. It is calculated for the aggregation of data for each
analyte measured for any particular sampling event or other defined set of samples (for example, by site) as
set out in the DQOs. Valid data are data that are usable in the context of the project goals. Completeness is
calculated and reported for each method, matrix, and analyte combination. The number of valid results
divided by the number of possible individual analyte results, expressed as a percentage, determines the
completeness of the data set. For completeness requirements, valid results are all results not qualified with an
R-flag after a usability assessment has been performed. Completeness should not be determined only based
on laboratory data qualifiers. The goal for completeness is 95 percent for all samples.

Completeness is calculated as follows for all measurements:

%C =100% x [¥} (6)

Where:

%C = percent completeness
V = number of measurements judged valid
T = total number of measurements

Sensitivity

Sensitivity is the ability of an analytical method or instrument to discriminate between measurement
responses representing different concentrations. This capability is established during the planning phase to
meet project-specific objectives. It is important to be able to detect the target analytes at the levels of interest.
Sensitivity requirements include the establishment of various limits such as calibration requirements,
instrument LODs, and LOQs. The project QA/QC on method requirements has been established to be

compliant with the DoD QSM Version 4.2 (DoD 2010). Project-specific LOD and LOQs are established in
Worksheet #15 based on project-specific action level objectives.
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— 1 » [P MW-113

n a a Screened Interval 10 - 27 ft bgs
Gorps Dormitory, Chemical Result (ug/L) Soreened Interval 30 - 35 ft bgs Screened Interval 20.5 - 5.5 ft bgs | Chemical Result (ug/L) Chemical Result (ug/L)

q
5,22,2338 8/13/2010 7/24/2012 7/23/2012°| H Chemical Result (ug/L) SN 4/21/2007_6/4/2008 8/12/2010 12/19/2011_7/25/2012_7/23/2012" 4/22/2007_6/4/2008 8/11/2010 12/19/2011 7/26/2012_7/23/2012"

® o TT12TeCA = T.1.1,2-TeCA ] <25 <25 Toh o 5’23’$°°8 : T.1.1,2-TeCA 5 < <05 <05 <05 <05 T.1.1,2-TeCA 5 <A <05 <05 <05 <05
-1 1,1,2,2-TeCA <50 <50 1 oaTeon 1.1,.2Tel < y 1,1,2,2-TeCA <5 < < < <1 1,1,2,2-TeCA <5 <1 <1 < <1 <1
1,1,2-TCA . T2z e 1*1*2*?&?“ <1 1,1,2-TCA NA < <11 . < <1 1,1,2-TCA NA <1 <11 <11 <1 <0.28
<1 1,2-DCA . <25 : " b b 1,2-DCA <5 < <0.5 ) <05 <0.5 , <5 <1 <0.5 <0.5 <05 <05
<1 Benzene 4 <25 B’er‘lzene ; ‘|Benzene <5 <1 <0.5 . <0.5 <0.5 <5 <1 <0.5 <0.5 <0.5 <0.5
<1 Carbon Tetrachloride = 1,480 10,200 . Carbon Tetrachloride <1 <1 <0.5 <0.5 <5 <1 <1 <1 <0.5 <0.5
| |chioroform 165 7% Carbon Tetrachloride <1 Chloroform 1 05 05 5 1 05 05
pi is-1,2-DCE 25 25 : Chloroform <! is-1,2-DCE b ' o 08 : 174 15 13 056 07 05
<1 cis-1,2- ) <2. < cis-1,2-DCE <1 cis-1,2-| ) < . <0. <0.! ) B E E . . .
Naphthalene Methylene Chloride NA <250 Naphthalene <1 |Methylene Chloride NA <5 <5 NA NA NA <5 <5 <5
PCE Naphthalene 25 R <250 J PCE 5 |Naphthalene <1 <5J <5J NA <1 <5 <5 <5 <5
trans -1,2-DCE PCE 57 <25 , trans 1.2.DCE 2 PCE 0.884 : <05 <05 394 2 14 <05 0284
trans-1,2-DCE <25 <33 ToE 0414 trans-1,2-DCE < ) . <0.66 , <5 <1 <0.5 <066 <066
809 3,140 Vinyl Chloride Vinyl Chloride <1 |TCE <1 . . 5.8 5.1 1 0.83
<5 <50 — |Vinyl Chloride <1 <5 <1 <1 <1

L
,‘ ; g g oW 'F Fr¥ § e NEESS
1 . MW-111 (Abandoned) / MW-119
- ’ . Screened Intenval 10 - 30 ft bgs
. I Result (ug/L)
Result (ug/L) . ¥ 3 4/21/2007 6/6/2008 8/13/2010 12/19/2011 7/25/2012 7/23/2012*
6/5/2008 8/13/2010 7/24/2012 7/23/2012*| - l | ] . 1,1,1,2-TeCA 16 17.4J 1714 <10 <50
“ g -

<1

1,1,2,2TeCA 058J <50 <100 <100 <20 <100

T1.1,2TeCA T ) ) ] e

1.1,2TeG <1 <05 1,1,2-TCA NA 50 <114 <114 <20 <100

1,1,2,2TeCA <1 < 5 o0 50
<14 . <1 5 = =
a9 . _ s 0224 <50 <50

<1J X . <0.5 Carbon Tetrachloride = 2.7 J <50 <50

J Chloroform 2384
0.38J . <05 |  Screenedintenal9-29ftbgs | | -
<1 . <0.5 i Result (ug/L) o cis-1,2-DCE 2,320

<1 . <0.5 4/22/2007_6/3/2008 8/11/2010 7/24/2012 7/23/2012" Methylene Chloride
E Naphthalene

PCE
trans -1,2-DCE
TCE

<0.5 <0.5 <0.5
<1J <1 <1
<1 . | , <1.1 <1
<1 . <0.5 . <0.5
<1 . <0.5 . <0.5

<1 Carbon Tetrachloride <1 . <0.5 0
Chloroform <05 ) <05 Plume C Ll_.lC - Pr_ol:u_blts
cis-1,2-DCE ) <05 construction activities

8 bos below the water table SLOP-6321-5.24

Chemical Result (ug/L) f without proper health } T Soreened bional 1
4/22/2007_6/5/2008_8/11/2010 12/19/2011_7/26/2012_7/232012°) - ! and safety training and

1.1,1,2-TeCA <20J <25 <25 <10 <10 : x personal protective b
1,1,2,2-TeCA <20 <50 <50 <20 <20 CE ) - - - . equipment. f <
1,1,2-TCA <20J <20 <20 _< <1
1,2-DCA 1004  68.2 <25 25.7 31.6 _— . . G <
Benzene <20J <25 <10 <10 ! -
Carbon Tetrachloride <20 <10 <10
Chloroform <20 <25 <10 <10 - Carbon Tetrachloride
cis-1,2-DCE 822J 143 164 203 Chioroform
Methylene Chloride NA NA <100 <100 [ cis-1,2-DCE
Naphthalene <20J <100 <100 {
PCE 9,440 3,930 5,770
trans -1,2-DCE <20 <132 <132
TCE 129 141 228
Viny! Chloride <20 <20 <20

Viny! Chloride

<1

<1

SLOP-6317-5-25
CB-04 y Screened Interval 20 - 30 ft bgs
Screened Interval 27.5 - 32.5 ft bgs . . hemical Result (ug/L)
Chemical Result (ng/D) ! 3/31/2008
5/23/2008 p 1,1,1,2-TeCA
1,1,1,2-TeCA +f } 1,1,2,2-TeCA
1,1,2,2-TeCA | A 1,1,2-TCA
1,1,2-TCA Pl | L [} 1,2-DCA
1,2-DCA k Benzene
Benzene . . Carbon Tetrachloride
Carbon Tetrachloride ‘ Chloroform
1,1,1,2-TeCA <1 cis-1,2-DCE ;
1,1,2,2-TeCA <1 ~ |Naphthalene Chemical
1,1,2-TCA <11
1,2.0CA <1 ' 1,1,1,2-TeCA
trans -1,2-DCE - Benzene -
TCE . e e — . ] Carbon Tetrachioride H 'gﬁgch‘
Viny! Chloride Chloroform | % B By
e - cis-1,2-DCE g é 1,2-DCA
MW-106___ : Naphthalene ) Benzene
Screened Intenval 15 -35 f bos - - - 4 PCE - |Carbon Tetrachloride

Result (ug/L) ’ s -1,2-DCE Chloroform
27172005 Fob-06 4/21/2007 6/3/2008 8/13/2010 7/24/2012 7/23/2012" !
Viny! Chloride " he
NA  NA <5 4 05 <05 05 Y cis-1,2-DCE

1,1,2,2-TeCA NA  NA <5 < < < <1 MW-108 MW-112 - |Methylene Chloride
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1,2-DCA 622 43J 444 33 54.9 48.7 55.6 i Result (ug/L) i Result (ug/L) Chemical Result (ug/L) Result (ug/L)
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o L\_O\N PCE <5 <1 . PCE <0.5 <0.5 PCE <5 . <1.1J <1.1 <0.5 <0.5 <0.5 <1 <0.5 | |excess lifetime cancerrisk of 1 | |
GQODFE — trans -1,2-DCE 0.6 . trans-1,2-DCE <0.66 <0.66 trans -1,2-DCE <5 . . <05 <0.66 <0.66 <0.66 <1 <0.66 ol x 10-6, and a hazard quotient of
'Aerial Photo:/ ESRI[Onling] Map;Service 201 g ;ﬁ]Ew Chioride 1: 1318 1 1\;?1Eyl Chioride <3}5 <<0}5 wa Chioride :g ] : 0;518 0;518 <3%5 D'<711 (Vi Chior <<11J <<0}5 1.0 for noncarcinogens.
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Install Colocated Well Pairs MW-107S through MW-109S, MW-121S/MW-121D

through MW-123S/MW-123D, and MW-125S/MW-125D Along Stratford Avenue

and at PP-17 (Figure 10) in Accordance with the SOP Provided in the FSP and
the Colocated Well Construction Diagram Provided as Figure 16.

Install Colocated

v

Develop Monitoring Wells in Accordance with the FSP and

Well Pair 4

1
.

Install Colocated
Deeper Well

4-NO

Allow to Equilibrate

Collect Groundwater Samples
Using Low-Flow Techniques, in

A

Accordance with the SOP Provided
in the FSP

Is Sufficient Water
Present in the Shallow
Monitoring Well?

Is Sufficient Water
Present in the Deep
Monitoring Well?

YES YES

N

Analyze the Samples for the
VOCs Specified in Worksheet
#15. Validate the Results per

YES . Worksheet #35
With Stakeholder Input,
Select Location of Co-
located Well Pair Y

Compare Groundwater Results to
Current USEPA VISLs Presented
in Worksheet #15

Army to Provide
Information to Stakeholders
to Determine if Further
Investigation is Needed

Are VOC Concentrations
Above VISLs in
Groundwater?

N O)A

Schedule Next Round
of Sampling at Least
6 Months after
Previous Round

|

NO

Have Two Rounds o
Groundwater Sampling
Been Completed?

Are Additional Colocated
Well Pairs Warranted?

NO

Are VI Assessments
Warranted on
Additional Properties?

Proceed to
Decision Logic For
DQO #2 (Figure
12)

YES

Groundwater has
been Sufficiently
Characterized to
Achieve DQO #1

NOTES:

DQO = Data Quality Objective

FS = Feasibility Study

FSP = Field Sampling Plan

RI = Remedial Investigation

SOP = Standard Operating Procedure

USEPA = U.S. Environmental Protection Agency
VI = Vapor Intrusion

VISL = Vapor Intrusion Screening Level

VOC = Volatile Organic Compound

Figure 11

DQO #1 — Decision Logic for the Groundwater Investigation
Along Stratford Avenue and at PP-17

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri



Are VI Assessments
Warranted at Additional
Properties?

NO

.

Complete Sampling at Current
Properties per DQO #2 Decision
Logic.

Perform VI Assessment at PP-2 Through PP-5 and PP-17 (Figure 3)
in accordance with the SOP Provided in the FSP*

Analyze the Samples for the VOCs

A

Identify Additional Properties in
Consultation with Stakeholders

A

Perform VI Assessments at Additional
Properties in accordance with the
SOP Provided in the FSP*

Are VOC Concentrations in

Indoor Air Above VISLs?

YES

v

Specified in Worksheet #15. Validate |«
Results per Worksheet #35

Compare Results to Current
USEPA VISLs Presented in
Worksheet #15

Prepare Technical

Memorandum Summarizing
VI Assessment and

Are VOC
Concentrations in

Associated Groundwater
Sampling (Figure 11), as

Collect Additional Round of Samples
at Least 3 Months after Previous

Round

Appropriate.

Subslab Soil Gas
Above VISLs?

Provide Information to Stakeholders.

Follow Decision Logic in Figure 13 to Determine
Whether an Interim Action is Needed at a Residence

v

v

Using Multiple Lines of Evidence?, Assess Whether
Subslab Soil Gas Concentrations are Potentially Site-
related

Using Multiple Lines of Evidence?, Characterize
Contribution of Subslab Soil Gas to Indoor Air and
Assess Whether Indoor Air and Subslab Soil Gas

Concentrations are Potentially Site-related

Are Subslab Soil Gas
Concentrations Potentially Site-
related?

YES

v

With Stakeholder Input, Consider

RI. Establish Remedial Alternatives in FS.

Assessments at Adjacent Properties during [¢——NO

Are Subslab Soil Gas
Concentrations Potentially Site-
related?

YES

Is Subslab Soil Gas
Contributing to Indoor Air
Quality?

No

Are 3 Rounds of Data

i
NO

Available?

YES

v

Prepare RI Report

NOTES:
FS = Feasibility Study
RI = Remedial Investigation

USEPA = U.S. Environmental Protection Agency

VISL = Vapor Intrusion Screening Level

FSP = Field Sampling Plan

SOP = Standard Operating Procedure
VI = Vapor Intrusion

VOC = Volatile Organic Compound

! _ VI assessments will be conducted on 3 occasions, separated by at least 3 months. Decision logic shown will

apply to each VI assessment.

2 _ Lines of evidence include: 1) comparison of chemical concentrations in indoor air samples and subslab
samples. Similar or higher concentrations detected in indoor air compared with subslab soil gas samples provide
evidence of an indoor or outdoor background source; 2) comparison of chemical concentrations in indoor air and
outdoor air samples. Similar indoor and outdoor air levels indicate outdoor air is the primary source of the
measured indoor concentrations; 3) evaluation of the ratios of chemical concentrations between or within the
different media sampled; 4) evaluation of chemical sources identified inside the home; 5) evaluation of chemicals
detected in groundwater. The absence in groundwater of a VOC detected in subslab or indoor air samples
provides suggestive evidence that groundwater is not the source.

With Stakeholder Input, Consider

Proceeding to the FS.

Assessments at Adjacent Properties during
RI. Determine if Action is Required before

Go to
B

Figure 12

DQO #2 — Decision Logic for VI Assessments

St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri



Perform VI Assessments in

the FSP*

accordance with the SOP Provided in

Analyze the Samples for the VOCs Compare Indoor Air Sample Results
Specified in Worksheet #15. Validate to Current USEPA VISLs Presented
Results per Worksheet #35 in Worksheet #15

Using Multiple Lines of Evidence?, Are VOC
Assess Whether Indoor Air Concentrations in
Concentrations are Potentially Site- Indoor Air Above

related VISLs?

Are Exceeding VOCs in
Indoor Air Potentially Site-
related?

YES

Do Site-Related VOCs

YES

Indoor Air Sample to Confirm

Action is Implemented

As Soon as Possible, Collect Another

Results®, and, if Confirmed, Perform
Interim Action until OU-2 Remedial

A

YES

with Carcinogenic Effects in
Indoor Air Exceed 10™
IELCR?

NO Interim Action Not Warranted

o Site-Relate!
VOCs with Non-

YES

carcinogenic Effects in
Indoor Air
Exceed HI = 3?2

NO

Do Site-
Related VOCs in
Indoor Air Exceed

NO

NOTES:
FSP = Field Sampling Plan

IECLR = Individual Excess Lifetime Cancer Risk

SOP = Standard Operating Procedure
VI = Vapor Intrusion
VOC = Volatile Organic Compound

1
2
3
4

Provisional Short-term
Action Levels
for TCE*?

HI = Hazard Index

OU = Operable Unit

USEPA = U.S. Environmental Protection Agency
VISL = Vapor Intrusion Screening Level

— VI assessments will be conducted on 3 occasions, separated by at least 3 months. Decision logic shown will apply to each VI assessment.
— Lines of evidence are summarized in the notes on Figure 12..

— Confirmation indoor air sampling is optional; Army may elect to implement interim action without confirmation samples.

— The Army will discuss indoor air TCE concentrations with MDNR to determine an appropriate next step if indoor air concentrations of TCE

exceed one or more of the provisional short-term action levels for TCE that are used by USEPA to make risk management decisions.

Figure 13
Decision Logic for Implementing an Interim Action

at a Residence in Response to VI Assessment Findings
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri
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Figure 15

Project Schedule

Operable Unit 2 Remedial Investigation / Feasiblity Study
St. Louis Ordnance Plant, St. Louis, Missouri

ID__[Task Name Duration Start [ Finish [ Predecessors 2012 [ 2013 2014 2015
1 |Project Award 0 days! Mon 8/27/12 Mon 8/27/12 o 8l27
2 |Project Management Plan (PMP) and Quality Control Plan (QCP) 94 days Mon 8/27/12 Fri 1/4/13 Lammd
3 Army Awards PMP and QCP (Tasks 1 and 2) 0 days! Mon 8/27/12 Mon 8/27/12 8127
4 Prepare Draft PMP and QCP 60 edays Mon 8/27/12 Fri 10/26/12 3 d
5 Project Kickoff Meeting in Kansas City 1 day Wed 9/19/12  Wed 9/19/12  1FS+23 edays b
6 Submit Draft Plans to Army (USACE, USAEC, 88th RSC) 0 days Fri 10/26/12 Fri 10/26/12 4 10/26
7 Army Review of Plans 52 edays Fri 10/26/12  Mon 12/17/12 6
8 Prepare Responses to Army Comments and Update Plans 18 edays Mon 12/17/12 Fri 1/4/13 7
9 Submit Final Plans to Army 0 days! Fri 1/4/13 Fri 1/4/13 8 @ V4
10 \Work Planning 276 days Mon 8/27/12 Sun 9/15/13 g——
11 Army Awards Rl Work Plan Option (Task 3) 0 days! Mon 8/27/12 Mon 8/27/12 8127
12 Prepare Draft Sampling and Analysis Plan (SAP) and Accident Prevention 63 days Mon 8/27/12  Wed 11/21/12 11 %J
Plan / Site Safety and Health Plan (APP/SSHP)
13 Submit Draft Work Plans to Army 0 days! Wed 11/21/12  Wed 11/21/12 12 11/21
14 Army Review of Draft Work Plans 37 edays Wed 11/21/12 Fri 12/28/12 13
15 Prepare Responses to Army Comments and Update Work Plans / Conduct 29 days Mon 12/31/12 Thu 2/7/13 14
Initial Site Visits with Residents
16 Submit Draft Final Work Plans to Army and MDNR 0 days! Thu 2/7/13 Thu 2/7/13 15 Gf”
7 MDNR and USEPA Review of Work Plans 34 edays Thu 2/7/13 Wed 3/13/13 16
18 Prepare Responses to MDNR and USEPA Comments 42 edays Wed 3/13/13 Wed 4/24/13 17
19 MDNR and USEPA Review of Army Responses; MDNR Submits Responses 26 edays Wed 4/24/13 Mon 5/20/13 18
20 Army Prepares Responses to MDNR Correspondence 32 edays Mon 5/20/13 Fri 6/21/13 19
21 Teleconference to Discuss Army Responses to MDNR Correspondence 1 day Thu 7/25/13 Thu 7/25/13
22 Army Prepares Final Responses and Final Work Plan for Army and MDNR 52 edays Thu 7/25/13 Sun 9/15/13 21 %1
23 Submit Final Work Plans to Army and MDNR 0 days Sun 9/15/13 Sun 9/15/13 22 &-9/15
24 Public Availability Session 53 days Thu 7/25/13 Tue 10/8/13 =9
25 Army Awards RI Field Work Option (Task 4) 0 days! Thu 7/25/13 Thu 7/25/13 7125
26 Army Prepares and Distributes Letters to Public Regarding Availability Sessic 52 days Fri 7/26/13 Mon 10/7/13 25 %3
27 Public Availability Session in St. Louis 1 day Tue 10/8/13 Tue 10/8/13 26 h
28 |Remedial Investigation / Feasibility Study 570 days Thu 7/25/13 Wed 9/30/15 @
29 RI Field Work, Sample Analysis, Data Validation, Technical 332 days Thu 7/25/13 Fri 10/31/14 g
Memorandum Preparation
30 Army Awards RI Field Work Option (Task 4) 0 days Thu 7/25/13 Thu 7/25/13 2
31 Perform RI Field Work (Install and Sample Groundwater Wells, Perform 53 days Wed 10/30/13 Fri 1/10/14 23,30,26FS+4 b
First Round of Vapor Intrusion Assessments) days
32 Perform Laboratory Analysis of Samples 30 edays Fri 1/10/14 Sun 2/9/14 31
33 Perform Data Validation 10 days Mon 2/10/14 Fri 2/21/14 32
34 Prepare Draft Technical Memoranda 20 days Mon 2/24/14 Fri 3/21/14 33
35 Submit Draft Technical Memoranda to Army 0 days Fri 3/21/14 Fri 3/21/14 34
36 Army Review of Draft Technical Memoranda 20 days Mon 3/24/14 Fri 4/18/14 35
37 Submit Final Technical Memoranda to Army and MDNR 0 days Fri 4/18/14 Fri 4/18/14 36
38 Perform RI Field Work (Perform Second Round of Vapor Intrusion 20 days Mon 3/31/14 Fri 4/25/14 31SS+150 edays
Assessments)
39 Perform Laboratory Analysis of Samples 30 edays Fri 4/25/14 Sun 5/25/14 38
40 Perform Data Validation 10 days Mon 5/26/14 Fri 6/6/14 39
41 Prepare Draft Technical Memoranda 20 days Mon 6/9/14 Fri 7/4/114 40
42 Submit Draft Technical Memoranda to Army 0 days! Fri 7/4/14 Fri 7/4/14 41
43 Army Review of Draft Technical Memoranda 20 days Mon 7/7/14 Fri 8/1/14 42
44 Submit Final Technical Memoranda to Army and MDNR 0 days! Fri 8/1/14 Fri 8/1/14 43
45 Perform RI Field Work (Perform Third Round of Vapor Intrusion 20 days Mon 6/30/14 Fri 7/25/14  38SS+90 edays
Assessments)
46 Perform Laboratory Analysis of Samples 30 edays Fri 7/25/14 Sun 8/24/14 45
47 Perform Data Validation 10 days Mon 8/25/14 Fri 9/5/14 46
48 Prepare Draft Technical Memoranda 20 days Mon 9/8/14 Fri 10/3/14 47

Page 1



Figure 15

Project Schedule

Operable Unit 2 Remedial Investigation / Feasiblity Study
St. Louis Ordnance Plant, St. Louis, Missouri

ID__[Task Name Duration [ Start [ Finish [ Predecessors 2012 2013 2014 - [ 2015
49 Submit Draft Technical Memoranda to Army 0 days! Fri 10/3/14 Fri 10/3/14 48 Gl10/3
50 Army Review of Draft Technical Memoranda 20 days Mon 10/6/14 Fri 10/31/14 49 Ol

51 Submit Final Technical Memoranda to Army and MDNR 0 days! Fri 10/31/14 Fri 10/31/14 50 ¢ 1031
52 Rl Report 349 days Tue 12/31/13 Sun 5/3/15 p—
53 Army Awards Rl Report Option (Task 5) 0 days! Tue 12/31/13 Tue 12/31/13

54 Prepare Draft RI Report 60 edays Fri 9/5/14 Tue 11/4/14 47,53

55 Submit Draft RI Report for Army Review 0 days Tue 11/4/14 Tue 11/4/14 54

56 Army Review of Draft Rl Report 30 edays Tue 11/4/14 Thu 12/4/14 55

57 Prepare Responses to Army Comments and Update Report 45 edays Thu 12/4/14 Sun 1/18/15 56

58 Submit Draft Final Rl Report to Army and MDNR 0 days! Sun 1/18/15 Sun 1/18/15 57

59 MDNR Review of Report 45 edays Sun 1/18/15 Wed 3/4/15 58

60 Prepare Responses to MDNR Comments and Update RI Report 45 edays Wed 3/4/15 Sat 4/18/15 59

61 Submit Final Rl Report to Army and MDNR 0 days! Sat 4/18/15 Sat 4/18/15 60

62 MDNR Review of Final Rl Report 15 edays Sat 4/18/15 Sun 5/3/15 61

63 MDNR Approval of RI Report 0 days Sun 5/3/15 Sun 5/3/15 62

64 Feasibility Study (FS) Report 262 days Tue 9/30/14 Wed 9/30/15

65 Army Awards FS Report Option (Task 6) 0 days Tue 9/30/14 Tue 9/30/14

66 Prepare Draft FS Report 60 edays Sun 1/18/15 Thu 3/19/15 58,65

67 Submit Draft FS Report for Army Review 0 days Thu 3/19/15 Thu 3/19/15 66

68 Army Review of Draft FS Report 30 edays Thu 3/19/15 Sat 4/18/15 67

69 Prepare Responses to Army Comments and Update Report 45 edays Sat 4/18/15 Tue 6/2/15 68

70 Submit Draft Final FS Report to Army and MDNR 0 days Tue 6/2/15 Tue 6/2/15 69

71 MDNR Review of FS Report 60 edays Tue 6/2/15 Sat 8/1/15 70

72 Prepare Responses to MDNR Comments and Update FS Report 45 edays Sat 8/1/15 Tue 9/15/15 71

73 Submit Final FS Report to Army and MDNR 0 days Tue 9/15/15 Tue 9/15/15 72

74 MDNR Review of Final FS Report 15 edays Tue 9/15/15 Wed 9/30/15 73

75 MDNR Approval of FS Report 0 days Wed 9/30/15 Wed 9/30/15 74
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MATCH
EXISTING GRADE —\

WELL RISER 2" SCH 40
POLYVINYL CHLORIDE (PVC)/
(FLUSH THREADED JOINTS)

(TYPICAL)

HIGH SOLIDS
BENTONITE SLURRY (TYPICAL) /

BENTONITE SEAL

CHIPS OR PELLETS (TYPICAL)\
-~

20/40
FILTER SAND (TYPICAL)

SCREEN 2" SCH 40 PVC
0.010-INCH SLOTS, (FLUSH
THREADED JOINTS)

10' SCREEN INTERVALS
(TYPICAL)

-

RAIN TIGHT STEEL
MANHOLE (8" DIA)

2" PVC WATERTIGHT PLUG

SEE NOTE 2 BELOW —

2' MINIMUM

/(

BOREHOLE
DIAMETER
VARIES FROM
10" TO 12"
(TYPICAL)

2' MINIMUM

10'

2' MINIMUM

0.5' MINIMUM

10'

NOTES:

1. DEPTH OF SHALLOW MONITORING WELL WILL BE
BASED ON OBSERVATIONS DURING DRILLING AND
WATER LEVEL OBSERVED IN DEEP MONITORING
WELL.

2. SHALLOW MONITORING WELL MUST HAVE A
MINIMUM COMBINED ANNULAR SEAL AND
BENTONITE SEAL OF AT LEAST ONE FOOT. IF
SUFFICIENT ROOM REMAINS IN THE ANNULUS
AROUND THE WELL RISER A HIGH SOLIDS
BENTONITE SLURRY WILL BE PLACED ABOVE THE
BENTONITE SEAL.

FIGURE 16
Co-Located Shallow
and Deep Monitoring
Well Construction
Diagram

St. Louis Ordnance Plant,

Former Hanley Area

St. Louis, Missouri
CH2MHILL
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11/20/2012

Operable Unit 2 — Vapor Intrusion
Pathway Strategy Meeting

St. Louis Ordnance Plant, Former Hanley Area

U.S. Corps of Engineers — Kansas City District
Bolling Federal Building, Room 438

Kansas City, Missouri

September 19, 2012

S
S,

Uss. Army 881 Regional

Environmental Support
Command Command

US Army Corps.

Proposed Meeting Agenda

= Introduction and Background

= Roles and Responsibilities

Current Status of Operable Unit 2 (OU-2)
Activities

= OU-2 Proposed Approach

OU-2 Remedial Investigation / Feasibility
Study (RI/FS) Schedule for FY13-FY14

= Conclusion/Wrap Up @’

BUILDING STRONG

Introduction and Background

Began to Investigate Vapor Intrusion (VI)
Pathway as part of the Rl in 2008
= Indoor air (IA) sampled in one residence — Private Property 2 (PP-2)
» Groundwater (GW) collected from temporary wells in residential areas
» |A and outdoor air (OA) samples collected in March and May 2008,
analyzed for 6 volatile organic compounds (VOCs)
» No soil gas sampling outside residence due to tight, expansive clays
» No VOCs exceeded current VI screening levels (SLs)

= Conclusion: Current VI pathway not significant at PP-2

el Juil

BUILDING STRONG,

Introduction and Background

In 2010, Groundwater Concentrations
Triggered Additional VI Assessments at Select
Residential Properties

= In August 2010 pre-design GW investigation, GW samples were
collected from monitoring well network around former Building 220

= 1,2-Dichloroethane (1,2-DCA) (23 pg/L) exceeded the Maximum
Contaminant Level (MCL) of 5 pg/L in MW-107, located within 50
feet of PP-1

el Jul

BUILDING STRONG

Introduction and Background

Meeting Held on November 4, 2010 in Kansas

City to Determine Path Forward

= Stakeholders agreed to perform VI assessment at PP-1 consisting of
IA, OA, and subslab soil gas (SG) sampling

= VI sampling would be performed at PP-2, PP-3, and PP-4-contingent
upon the results from PP-1

(w1 Jwl

BUILDING STRONGg,

Introduction and Background

Residential VI Assessments Performed in 2011
and 2012

= 2011 and 2012 — VI Assessments performed at the following residences:
» PP-1(May 2011, December 2011, and June 2012)
» PP-2 (February 2012)
» PP-3 (February 2012)
» PP-17 (May 2011, December 2011)
= PP-17 was investigated at request of resident in response to public meeting
notification letter sent by 88! Regional Support Command (RSC) in
November 2010.
= Athird attempt was made to sample PP-17. However, the resident could not
commit.
= PP-4 could not be sampled due to lack of response to right-of-entry (ROE)

request letters. @ l

BUILDING STRONG,,




11/20/2012

Introduction and Background

Former Hanley Area Divided into Two Operable

Units
= August 2011 — MDNR requested that Former Hanley Area be
divided into two OUs in response to May 2011 VI assessment
findings:
» OU-1: Actions Addressing Contaminated Soil, Powder Well Sediment,
and Groundwater Concerns
» OU-2: Vapor Intrusion Pathway
= September 26, 2011: OU-1 Decision Document (DD) was signed by
U.S. Army Environmental Command (USAEC)

BUILDING STRONG,,

Introduction and Background

OU-1 Remedial Action Completed in May 2012

= Soil mixing with zero-valent iron (ZVI) completed in Plume A,
groundwater contaminated primarily by tetrachloroethene (PCE) and
trichloroethene (TCE).

= Land use controls (LUCs) established around Plume C —
groundwater contaminated by carbon tetrachloride (CT)

BUILDING STRONG,,

Roles and Responsibilities

Army Stakeholders

= U.S. Army Environmental Command (USAEC)
» Provides management and oversight of cleanup activities

= U.S. Army Corps of Engineers — Kansas City District
» Provides technical and contracting support to USAEC

= 88! Regional Support Command
» Current property owner

el Juil

BUILDING STRONG,

Roles and Responsibilities

Regulatory Stakeholders
= Missouri Department of Natural Resources (MDNR)
» Lead regulatory agency
= Missouri Department of Health and Senior Services
» Provides technical support to MDNR
= U.S. Environmental Protection Agency (USEPA), Region
VI

» Provides regulatory assistance to MDNR

L Jul

BUILDING STRONG

Current Status of OU-2 Activities

= U.S. Army Corps of Engineers-Kansas City District
(USACE) has awarded contract to CH2M HILL to
perform OU-2 RI/FS.

= Under OU-1, USACE is monitoring groundwater in
existing monitoring wells on a quarterly basis.

» Groundwater analytical results will be used in OU-2 RI/FS
process.

(w1 Jwl

BUILDING STRONGg,

Current Status of OU-2 Activities

Status of Residences Contacted / Sampled to

date:

= PP-1: Analytical results recently validated. Draft report is undergoing
Army review.

= PP-2: Further assessment recommended.

= PP-3: Further assessment recommended.

= PP-4: ROE not granted. No further action planned at this time.

= PP-17: Further assessment was scheduled for June 2012, but
resident could not commit to a time for the sampling to take place.
Army asked resident to request a time for Army to perform

assessment. No response from residence to date.

BUILDING STRONG,,




11/20/2012

Current Status of OU-2 Activities

May 11, 2012 |etter from MDNR to USACE

= Requested opportunity to work with Army to revise work plans and
develop a decision matrix to determine the follow-on actions based
on investigation findings.

= Recommended sampling at least 7 homes on Stratford and Henner
Avenues

= Recommended further investigation of potential VI from onsite CT
plume to nearby Job Corps facility

= Recommended groundwater investigation to delineate the leading
edge of the groundwater plume(s).

BUILDING STRONG,,

Current Status of OU-2 Activities

= Recent inquiry to MDNR by the National Association for the
Advancement of Colored People (NAACP).

= Input provided during today’s meeting will be incorporated into a
draft OU-2 work plan that will be submitted for Army review. After
Army comments are incorporated, the draft final work plan will be
submitted for MDNR and USEPA review.

BUILDING STRONG,,

OU-2 Proposed Approach

= |nvestigation Objectives

= Chemicals of Potential Concern

= Sample Collection / Laboratory Analysis
= Screening Levels

= |nvestigation Approach
» Proposed Groundwater Monitoring Well Locations
» Proposed Residences for Initial VI Assessments

= |nvestigation Challenges
= Risk Assessment Approach

= Deliverables
#] Jul

BUILDING STRONG,

Investigation Objectives

= Determine whether VI of site-related VOCs is occurring and is
significant at off-site residences.

= Determine whether VI of site-related VOCs could potentially occur to
a significant extent in the future at off-site residences.

= Maintain proactive communication and responsiveness to the public
throughout the OU-2 RI/FS.

= Obtain sufficient data during RI to develop remedial alternatives
during the FS.

= Develop a decision matrix to determine next steps.

BUILDING STRONG

Investigation Objective #1

Determine whether VI of site-related VOCs is

occurring and is significant at off-site

residences.

= “Occurrence” - assessed by evaluating multiple lines of evidence
(e.g., comparison of VOC concentrations in IA, OA, SG, and GW;
VOC background evaluation).

= “Site-related” — based on assessment of possible pathways from the
former Hanley Area to the residence; also based on comparison
among IA, OA, SG, and GW concentrations.

= “Significance” — based on comparisons with risk-based screening
levels and human health risk assessment (HHRA) of site-related

VOCs in IA. @ .

BUILDING STRONGg,

Investigation Objective #2

Determine whether VI of site-related VOCs
could potentially occur to a significant extent
in the future at off-site residences.

= “Site-related” — based on assessment of possible pathways from the
former Hanley Area to the residence; also based on comparison
among IA, OA, SG, and GW concentrations.

= “Significance” — based on comparisons with risk-based screening
levels and HHRA of site-related VOC concentrations in SG,
(indicator of potential future IA).

 Ju|

BUILDING STRONG,,




Investigation Objective #3

Maintain proactive communication and
responsiveness to the public throughout the
OU-2 RI/FS.

= Conduct a public availability session prior to the RI.

= Clearly explain investigation objectives and scope to homeowners /
residents during initial site visits.

= Promptly issue reports summarizing VI assessment findings to
homeowner / residents.

= Clearly explain VI assessment findings to the homeowner / resident
and recommendations based on the findings.

BUILDING STRONG,,

11/20/2012

Investigation Objective #4

Obtain sufficient data during RI to develop
remedial alternatives during the FS.
= Develop FS alternatives based on:

» HHRA findings

» Applicable VI guidance

» Applicable or relevant and appropriate requirements (ARARs)

= Develop alternatives that are effective, implementable, and
maintainable.

= Develop alternatives that include an exit strategy.

BUILDING STRONG,,

Investigation Objective #5

Develop a decision matrix to determine next
steps.
= Decision matrix should clearly spell out what actions are to be taken
and when the actions will occur based upon the data collected.
= Possible follow-on actions include:
» additional sampling
» vapor mitigation
» expanding sampling population
» no action

el Juil

BUILDING STRONG,

Chemicals Selected for Analysis

= VOCs that exceeded the historic drinking water
USEPA 6 Medium-Specific Screening Levels
(MSSLs) during the OU-1 RI.
» MSSLs were subsequently compared with and

determined to be lower than USEPA VI SLs

= Methylene chloride (degradation product of CT)
was added at MDNR'’s request during OU-1 FS
phase.

L Jul

BUILDING STRONG

Chemicals Selected for Analysis

Benzene Naphthalene

CT PCE

Chloroform TCE

1,2-DCA 1,1,2-Trichloroethane (1,1,2-TCA)
cis-1,2-Dichloroethene (DCE)  1,1,1,2-Tetrachloroethane (TeCA)
trans-1,2-DCE 1,1,2,2-TeCA

Methylene chloride Vinyl chloride

(w1 Jwl

BUILDING STRONGg,

Sample Collection / Laboratory

Analysis
Sample Collection Methods
= |A,OA SG - 24-hour samples in 6-liter, individually-certified
canisters
= GW - low-flow sample collection
Laboratory Analytical Methods
= |IA,OA SG - TO-15, Selective lon Mode (SIM)
= GW - SW846 8260B

 Ju|

BUILDING STRONG,,
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VI Screening Levels

Groundwater
= In March 2012, USEPA released a VI SL calculator that provides conservative default
VI screening levels.
» Assumes an attenuation factor of 0.001 for GW to IA, an excess lifetime cancer risk (ELCR)
of 1 x 106, and hazard quotient of 1.0 for noncarcinogens.

Indoor Air / Outdoor Air

= USEPA Regional Screening Levels (RSLs) for Residential Air. The most recently
available screening levels at the time of report preparation will be used.

Subslab Soil Gas

= Residential Soil gas-to-indoor air screening levels from USEPA VI SL calculator
» Assumes default soil gas-to-indoor air attenuation factor of 0.1. The most recently available
screening levels at the time of report preparation will be used.

BUILDING STRONG,,

Investigation Approach

Install and Sample Additional Groundwater

Monitoring Wells

= Further investigate potential VI from onsite CT plume to nearby Job
Corps facility

= Refine understanding of groundwater gradient and flow direction

= Determine whether shallow GW near (within 100 feet) or beneath
residences has been impacted by the site at levels above
conservative regulatory-based VI SLs

» If so, then perform VI assessment at the nearby residences (if not
already selected for VI assessment) to determine if VI of site-related
VOCs from GW is occurring and is significant in the off-site residences
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Investigation Approach

Concurrent with the Groundwater
Investigation, Perform VI Assessments at
Select Residences

= Perform another round of VI assessments at residences where Army
recommended follow-on VI assessments (PP-2, PP-3, and PP-17)

= Sample at select other homes (PP-4) if access granted — home is
vacant and directly across from Former Hanley Area

= Target to sample each residence a minimum of 3 times (including

sampling events already performed)
(&L ]

BUILDING STRONG,

Investigation Approach

Select Additional Residences for VI

Assessments

= Sample homes within 100 feet of VI SL exceedances in GW

= Sample residences adjacent to those previously sampled where
possible site-related chemicals are found in sub-slab SG above SLs.

= Potentially sample residences where concerns are raised by
residents / property owners — evaluate on a case-by-case basis.

BUILDING STRONG

Investigation Approach

Perform Multiple Rounds of VI Assessments at

each Residence

= Goal is to complete 3 rounds of VI sampling at each residence prior
to issuing the RI report.

= Each round will be separated by at least 3 months (i.e., at least
quarterly).

= Objective is to perform VI assessments in different seasons to
assess temporal variability.

(w1 Jwl
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Investigation Challenges

Difficulty in obtaining right of entry (ROE) or access to
property after ROE has been signed

» Three consecutive days of access required for first VI assessment
(probe installation; canister deployment / leak check; canister retrieval;
building survey)

Two consecutive days of access required for subsequent VI
assessments

No ROE granted for PP-4 (no response to USACE letters)
Inability of PP-17 residents to commit to a time for allowing the Army to
perform VI assessment round #3 in June 2012.
Possible interference due to background chemical
sources

» Initially, conduct building survey/chemical inventory

v
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Investigation Challenges

Rights of Entry

Property owners identified through search of St. Louis City
Assessors online database.

USACE sends first letter with right-of-entry (ROE) agreement,
requests response within 30 days.

If no response, USACE sends second letter with ROE agreement,
requests response within 30 days.

If no response, ROE is considered refused and investigation at that
residence is suspended.

BUILDING STRONG,,

11/20/2012

Investigation Challenges

Possible Interference due to Background

Chemical Sources

= Resident is requested to remove chemicals potentially containing
target analytes 24 hours prior to sampling

» Some residents have complied with this request during previous VI
assessments.
» Sometimes this is not feasible — e.g., too numerous or nowhere to
temporarily store chemicals.
» Army does not intend to provide temporary outdoor storage for storing
household products while the VI assessments are in progress.
= Perform detailed chemical inventory of chemicals that remain in

house when VI assessment is performed e
1 Jedl
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Risk Assessment Approach

HHRA will evaluate potential current and future human
health risks to residents

Conducted in accordance with Risk Assessment
Guidance for Superfund (RAGS)

Risk calculations will be performed for the new
residences sampled and the 4 residences sampled in
2011 and 2012

Risk assessment findings will be presented for each

residence in the OU-2 RI report

BUILDING STRONG,

Risk Assessment Approach

= Site-related chemicals of potential concern (COPCs) will
be evaluated for each residence

» COPCs are chemical concentrations that exceed SLs and may
be due to VI based on the lines of evidence presented in the VI
assessment technical memoranda (TMs)

» Maximum concentration of each COPC from multiple rounds of
sampling will be used in HHRA

= Current risk calculated from IA site-related COPC
concentrations

= Potential future risk calculated from site-related SG

COPC concentrations P
Qe

BUILDING STRONG

Risk Assessment Approach

Cumulative cancer risk and target-organ specific
noncancer hazard indices (HI) will be estimated for site-
related COPCs for adult and child residents

Individual and cumulative estimated cancer risks and Hls
will be compared to USEPA and state targets identified
in the work plan

Chemicals exceeding thresholds will be identified as
chemicals of concern (COCs)

(w1 Jwl
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Deliverables

Work Plans

= Project Management Plan, Quality Control Plan (submitted to Army
only)

= UFP-QAPP, Field Sampling Plan, Health and Safety Plan

Vapor Intrusion Technical Memoranda (TMs)

= One TM for each round of VI assessment for each residence

= Similar in format and content as previously submitted documents

= Final VI TM will identify site-related COPCs in IA and SG that
warrant evaluation in the HHRA

 Ju|
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Deliverables

Remedial Investigation Report

= The RI report will consider new data (2013 and beyond), historic VI
assessment samples collected between 2008 and 2012, and historic
groundwater samples collected from permanent monitoring wells
between 2005 and 2012.

= RI will include one HHRA for each residence where VI assessments
were performed.

Feasibility Study Report

= FS report will present general remedial alternatives applicable to
residences where site-related COCs exceed preliminary remediation

' (&Y Jm
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OU-2 RI/FS Schedule for FY 2013
and 2014

= USACE will award optional tasks on or before the
following dates:

» Optional Task 4 (Conduct RI) — Fiscal Year (FY) 13 3 Quarter
(no later than June 30, 2013)

» Optional Task 5 (Prepare RI Report) — FY 14 1t Quarter (no
later than December 31, 2013)

» Optional Task 6 (Prepare FS Report) — FY 14 4t Quarter (no
later than September 30, 2014)

(el Jul
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Conclusion / Wrap-up

= Review Action ltems
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MEETING SUMMARY CH2MHILLe

Operable Unit 2 Strategy Meeting for the St. Louis Ordnance
Plant, Former Hanley Area, September 19, 2012

PREPARED FOR: Jonathan Harrington — U.S. Army Dave Crawford —USACE-Kansas
Environmental Command City District
(USAEC) Dan Hearnen —USACE-Kansas City
Dave Moore — 88th Regional District
Support Command (RSC) Jim Harris — Missouri Department
Barry McFarland — 88th RSC of Natural Resources (MDNR)
Contractor Michelle Hartmann — Missouri
Josephine Newton-Lund — U.S. Department of Health and Senior
Army Corps of Engineers Services (MDHSS)
(USACE)-Kansas City District Matt Jefferson — U.S.
Jason Leibbert —USACE-Kansas Environmental Protection Agency
City District (USEPA) — Region VI
Brad Brink —USACE-Kansas City Bill Pedicino — USEPA — Region VI
District Robin Rodriguez — The
Krista McGowan —USACE-Kansas Chamberlain Group (USEPA
City District contractor via telephone)
Jacqy Frazier —USACE-Kansas City Chris English — CH2M HILL
District Tony Swierczek — CH2M HILL
Loren Lund — CH2M HILL
PREPARED BY: CH2M HILL
DATE: September 24, 2012

A meeting was held on September 19, 2012 at the USACE-Kansas City District to discuss the vapor intrusion (VI)
pathway strategy for Operable Unit 2 (OU-2) at the St. Louis Ordnance Plant, former Hanley Area. The agenda
presented during the meeting is provided below:

e Introduction and Background

e Roles and Responsibilities

e Current Status of OU-2 Activities

e QU-2 Proposed Approach

e QU-2 Remedial Investigation/Feasibility Study (RI/FS) Schedule for FY13-FY14
e Conclusion/Wrap Up

The attendee list, presentation slides, meeting handouts, and a working figure showing the proposed Rl approach
for OU-2 are attached to this meeting summary. Hard copies of the presentation slides and meeting handouts (VI
chronology, community outreach chronology, and four figures showing current site features and recent analytical
results) were also provided to the attendees before the meeting. The working figure was projected on the screen
and updated during the meeting based on feedback provided by the meeting participants.

Introductions and Background

Following introductions, Josephine Newton-Lund of the USACE-Kansas City District briefly discussed the site
background, roles and responsibilities, and the current status of OU-2 activities, as it relates to the VI pathway.
Please refer to the attached presentation slides for the background information discussed.
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OPERABLE UNIT 2 STRATEGY MEETING FOR THE ST. LOUIS ORDNANCE PLANT, FORMER HANLEY AREA, SEPTEMBER 19, 2012

Roles and Responsibilities

Please refer to the presentation slides regarding project roles and responsibilities that were discussed during the
meeting.

Current Status of OU-2 Activities

Ms. Newton-Lund noted that one round of long-term management (LTM) groundwater monitoring, as part of the
OU-1 remedy, was completed in July 2012 by CH2M HILL, and the subsequent rounds will be completed by
USACE-Kansas City District. The next quarterly LTM groundwater monitoring event is scheduled for November
2012. Groundwater results obtained during LTM will be used in the OU-2 RI/FS process.

Please refer to the presentation slides for additional details regarding the current status of OU-2 activities.

OU-2 Proposed Approach

Chris English of CH2M HILL facilitated a discussion on the proposed RI/FS approach for OU-2. The following items
were discussed:

e |nvestigation Objectives

e Chemicals of Potential Concern

e Sample Collection/Laboratory Analysis

e Screening Levels

e Investigation Approach
0 Proposed Groundwater Monitoring Well Locations
O Proposed Residences for Initial VI Assessments

e |nvestigation Challenges

e Risk Assessment Approach

e Deliverables

Before the discussing investigation objectives, Mr. English noted that the Army was considering two public
availability sessions to inform the public of recent progress related to OU-1 and upcoming activities related to OU-
2. The Army was interested in an availability session in November 2012 at the Job Corps facility, located west of
the St. Louis Ordnance Plant. The first session would be held to update the stakeholders on the current status of
OU-1 activities, with a brief discussion on future OU-2 activities. A second session would be held in April 2013
after the OU-2 work plans were completed. It would provide more detail concerning upcoming OU-2 activities.
Because of time constraints, the meeting participants discussed preparation of an updated fact sheet and letter to
the public in lieu of the November 2012 public availability session. This option will be will be further discussed
among the Army team. If the letter and fact sheet are chosen as the communication tool in November 2012,
USAEC will work with Ramona Huckstep of MDNR to prepare the information. Ms. Newton-Lund will contact
Rosalind Portis of the Job Corps to request holding a future public availability session at the Job Corps facility.

Investigation Objectives
The following investigation objectives were presented for OU-2:
1. Determine whether VI of site-related VOCs is occurring and is significant at off-site residences.

2. Determine whether VI of site-related VOCs could potentially occur to a significant extent in the future at
off-site residences.

3. Maintain proactive communication and responsiveness to the public throughout the OU-2 RI/FS.
4. Obtain sufficient data during Rl to develop remedial alternatives during the FS.
5. Develop a decision matrix to determine next steps.

Rationale and details regarding each objective are provided in the presentation slides.
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Mr. English highlighted the importance of Investigation Objective 3, given that a resident recently told the
National Association for the Advancement of Colored People (NAACP) that the Army could have been timelier in
communicating the results of the VI assessment at their residence. During the OU-2 RI, the Army will strive to
submit a VI technical memorandum within 6 weeks after conducting each VI assessment.

To summarize community outreach that has occurred since 2004, Mr. English referred to a handout detailing the
chronology of community outreach activities. He also referenced a handout summarizing VI assessments that
have been completed to date. These handouts demonstrate the Army’s commitment to community outreach and
responsiveness in assessing the VI pathway. Ms. Newton-Lund noted that the Community Involvement Plan
prepared in 2008 will be updated and will include the NAACP as a stakeholder. The Army will mail letters notifying
the community of the Army’s plan to update the CIP.

During the presentation of Investigation Objective 4 (Obtain sufficient data during RI to develop remedial
alternatives during the FS), the meeting participants discussed the upcoming revisions to USEPA’s VI guidance
document (currently scheduled for release in November 2012). Bill Pedicino of USEPA noted that the November
2012 release date may slip because of policy issues. For instance, USEPA Regions Ill and IV have differing opinions
over the appropriate screening level for the effects of trichloroethene (TCE) on fetal heart development. Dave
Crawford of the USACE-Kansas City District added that the debate concerns the non-cancer screening level and
not the cancer-causing screening level. Loren Lund of CH2M HILL commented that, even at the screening levels
currently in debate by the different USEPA regions, the low TCE concentrations in indoor air observed at the
residences downgradient of the former Hanley Area are not expected to exceed either screening level in indoor
air.

If the revised VI guidance release is delayed, the Army will still proceed with assessing the VI pathway. The Army
will incorporate the VI guidance into the RI/FS approach to the degree practicable once the guidance is released.

Chemicals Selected for Analysis

The Army intends to use the same chemical reporting list of 14 VOCs that was used during previous VI
assessments. These VOCs exceeded historic drinking water USEPA Regional 6 Medium Specific Screening Levels
(MSSLs) during the OU-1 RI. The MSSLs were subsequently compared with and determined to be lower than
USEPA’s VI SLs discussed later in this summary. The reporting list is provided below:

e Benzene e Naphthalene
e Carbon tetrachloride e Tetrachloroethene (PCE)
e Chloroform Trichloroethene (TCE)

e 1,2-Dichloroethane (1,2-DCA) e 1,1,2-Trichloroethane (1,1,2-TCA)

e is-1,2-Dichloroethene (cis-1,2-DCE) e 1,1,1,2-Tetrachloroethane (1,1,1,2-TeCA)
e trans-1,2-Dichloroethene (trans-1,2-DCE) e 1,1,2,2- Tetrachloroethane (1,1,2,2-TeCA)
e Methylene chloride e Vinyl chloride

The chemical 1,1,1-2-TeCAis not included in the TO-15 analytical method used for indoor air, outdoor air, and
subslab soil gas samples. Mr. English noted that 1,1,1,2-TeCA has only been measured above the MSSL in one
monitoring well (MW-111), and that area was treated via soil mixing with zero-valent iron during the OU-1
remedial action. The presence of 1,1,1,2-TeCA will be monitored in groundwater during the OU-2 RI.

Sample Collection / Laboratory Analysis

The Army plans to use similar sample collection and laboratory analytical methods employed during previous VI
assessments. Indoor air, outdoor air, and subslab soil gas samples will be collected over a 24-hour period using 6-
liter, individually-certified canisters and analyzed for VOCs via TO-15, Selective lon Mode (SIM). Groundwater
samples will be collected using low-flow methods and analyzed for VOCs via SW846 Method 8260 B.

A brief discussion was held among Mr. Pedicino and Jason Leibbert of the USACE-Kansas City District concerning
various soil gas sampling devices. Mr. Pedicino stated that he is using sorbent tubes to collect soil gas outside of
structures. As opposed to the 24-hour canister sample collection that the Army is using to collect subslab soil gas
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samples, USEPA is using a 1-hour sample collection time using Tedlar bags and a mobile lab to get results as soon
as possible. Additionally, USEPA is using plastic barbed fittings installed in the slab to collect subslab soil gas
samples because the location can be sampled quickly (it does not require a mortar/cement seal), removed
quickly, and patched within the same day. Michelle Hartman of MDHSSS stated that, even though subslab samples
can be collected relatively quickly, indoor air samples should be collected over a 24-hour sample period and
should be collected concurrently with subslab soil gas samples to assess current exposure (e.g., indoor air) and
potential future exposure (e.g., subslab soil gas). Dr. Lund added that shorter indoor air sample collection times
result in higher variability. He also commented that passive samplers, such as sorbent tubes, are not ideal for the
subslab conditions observed at the offsite residences (soil/clay directly beneath the slab). Passive samplers tend
to trap fresh air and not vapors when installed in tight lithology. Mr. Pedicino has used a pump in combination
with passive samplers to minimize the amount of fresh air entrained in the passive sampler.

Mr. Pedicino inquired about the use of the TO-15 SIM analytical method for subslab soil gas samples. He was
concerned that the sensitive laboratory instrumentation could be damaged by using this low-level test method.
Mr. English noted that the laboratory was made aware of the potential for higher subslab soil gas concentrations
before moving forward with SIM analysis. Dr. Lund commented that the SIM test method reduces uncertainty
because this method is able to detect low-level concentrations below screening levels.

Vapor Intrusion Screening Levels

The Army intends to use the following screening levels during the OU-2 RI.
Groundwater

The Army will use the most current VI screening level calculator (VISL) to develop groundwater screening levels.
The calculator was released by USEPA in March 2012 to provide conservative default VI screening levels. It
assumes an attenuation factor of 0.001 for groundwater to indoor air, an excess lifetime cancer risk (ELCR) of 1 x
10, and hazard quotient of 1.0 for noncarcinogens.

Indoor Air / Outdoor Air

The most recently available USEPA Regional Screening Levels (RSLs) for Residential Air at the time of report
preparation will be used.

Subslab Soil Gas

Residential Soil gas-to-indoor air screening levels will be identified using the USEPA VISL calculator. A default soil
gas-to-indoor air attenuation factor of 0.1 is assumed. The most recently available screening levels at the time of
report preparation will be used.

Mr. English noted that the Missouri Risk-Based Corrective Action (MRBCA) Risk-Based Target Levels (RBTLs) for
resident air will no longer be a screening level source for indoor air and subslab soil gas, as was done during the
previous VI assessments. Rather, the USEPA Regional Screening Level for resident air and the residential soil gas-
to-indoor air screening levels from the VI screening level (VISL) calculator will be used because these values are
updated more frequently. Additionally, the calculated VISLs for groundwater-to-indoor air will be used for
groundwater.

Because screening levels are updated on a routine basis, Mr. Crawford recommended including appropriate
documentation in the VI assessment technical memoranda to demonstrate how the screening levels were
derived. A copy of the VISL output would suffice.

Investigation Approach
The meeting participants discussed the following investigation approach:
e |Install and sample additional groundwater monitoring wells.

e Concurrent with the groundwater investigation, perform VI assessments at select residences.

12-0919 STAKEHOLDERS OU-2 KICKOFF MEETING SUMMARY V4 4



OPERABLE UNIT 2 STRATEGY MEETING FOR THE ST. LOUIS ORDNANCE PLANT, FORMER HANLEY AREA, SEPTEMBER 19, 2012

e Select additional residences for VI assessments based on groundwater and initial VI assessment
findings.

e Perform multiple rounds of VI assessments at each residence.

The meeting participants used an on-board review format to refine the investigation approach by revising a
working figure of proposed sample locations. A final version of the working figure is provided as an attachment to
this meeting summary.

A phased Rl approach will begin by assessing groundwater conditions. Mr. Pedicino noted that the utility corridors
could act as potential vapor migration routes if they are not submerged. Mr. English noted that, based on the
shallow groundwater depths at lower elevations of the former Hanley Area and along Stratford Avenue, the utility
corridors may be in groundwater. Dr. Lund noted the preferential pathways (e.g., utility corridors) will be further
investigated during the RI. Based on the locations of utilities near residences that have been investigated to date,
utility corridors currently do not appear to be a preferential pathway for VI, but this will be assessed further
during the OU-2 RI. Mr. English noted that public and private utilities will be located and recorded using a Global
Positioning System (GPS) device for inclusion on subsequent figures.

Concurrent with the groundwater investigation described above, the Army intends to conduct VI assessments at
Private Properties 2 through 5 (PP-2 through PP-5), located along Stratford Avenue. Dr. Lund noted that historic
groundwater concentrations in select offsite monitoring wells exceeded VISLs during at least one sampling event;
this prompted the need for VI assessments at PP-1 through PP-4. The Army has completed at least one VI
assessment at PP-1 through PP-3; the Army was unable to conduct a VI assessment at PP-4 because the owner did
not respond to the Army’s right-of-entry (ROE) requests in 2012. The VI pathway will be assessed by performing
multiple rounds of VI assessments at PP-2, 3, and 4, subject to ROE acceptance by the property owners. Because
of the historic groundwater concentrations at monitoring well MW-109 (TCE slightly exceeded the VISL of 1.1
micrograms per liter [ug/L] between April 2007 and December 2011), the Army also intends to conduct a VI
assessment at PP-5, located within 50 feet of MW-109.

At PP-1, CH2M HILL has recommended no further near-term VI assessments, based on three VI assessments
completed there between May 2011 and June 2012. The Army is currently reviewing the technical memorandum
for the June 2012 VI assessment.

The meeting participants discussed the location of permanent monitoring wells to be installed during the OU-2 RI.
Mr. English presented the proposed locations on the working figure. The Army intends to install wells onsite and
along Stratford Avenue, using a “follow the evidence” approach for selecting additional monitoring well locations,
if necessary, based on results from the initially-installed monitoring wells.

Permanent monitoring wells will be installed along Stratford Avenue (if feasible based on presence/absence of
underground utilities) and at the former Hanley Area, west of MW-118. The wells along Stratford Avenue will
serve to refine the understanding of VOC contamination and groundwater flow direction and gradient north and
northwest of the former Hanley Area. The onsite well location west of MW-118 will assess the potential for VI
onto Job Corps property.

From a VI perspective, groundwater VOC concentrations at the water table are of greatest interest because they
indicate potential volatilization of chemicals from groundwater to soil gas. Based on the lithology observed in the
subsurface (tight clays with discontinuous lenses for coarser grained, more permeable materials) and the low
groundwater recharge rate observed in the overburden soils, the depth to groundwater north of the former
Hanley Area is uncertain. For this reason, the meeting participants agreed that nested monitoring wells would be
installed to increase the likelihood that one of the nested wells would intercept the water table. The deep well
will terminate at the overburden / weathered shale contact, and the shallow well will be screened at higher depth
interval such that the screened intervals of the shallow and deep wells do not overlap. Existing monitoring wells
MW-107, MW-108, and MW-109 terminate at the overburden/weathered shale contact, and their well screens
are fully submerged. Therefore, shallow wells will be installed next to each of these existing wells to assess
groundwater conditions at the water table. The remaining proposed well locations will utilize nested well pairs.
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Construction details regarding the monitoring wells were not discussed during the meeting; this information will
be provided in a forthcoming work plan.

Mr. Pedicino asked whether the Army had considered installing vapor mitigation systems at the residences
instead of completing VI assessments. Ms. Newton-Lund explained that this approach would not be acceptable to
the Army’s legal counsel. Mr. English also noted that a clear exit strategy would need to be in place to determine
when/whether the systems could be removed. Dr. Lund added that additional investigation would be needed to
demonstrate that VI is no longer a concern.

Mr. Pedicino asked about conducting in-home VI assessments further west of PP-5. Mr. English responded that
the “follow the evidence” approach (e.g., assessing groundwater results and the VI assessment results in PP-5)
would determine whether VI assessments would be performed at residences west of PP-5.

Jim Harris of MDNR recommended installing a nested well pair further west of the originally-proposed monitoring
wells along Stratford Avenue. The Army agreed to install this additional nested well pair under the condition that
their analytical results would not necessarily trigger the need for additional monitoring wells or VI assessments;
that determination would be based on the results from the nested pair and others further east (closer to the
former Hanley Area).

Investigation Challenges

The meeting participants discussed two primary challenges during the meeting:
e difficulty in obtaining ROE or access to the property after ROE has been signed; and
e possible interference due to background chemical sources.

During the discussion of challenges that may be encountered during the Rl for OU-2, Ms. Newton-Lund asked
whether a healthy homes survey was conducted at PP-17. Ms. Hartman of MDHSS stated that several attempts
were made to schedule a visit with the residents at PP-17, with no response received. MDHSS currently does not
plan on pursuing further attempts to conduct a healthy homes survey at PP-17.

Challenges concerning ROE requests were discussed. Dr. Lund noted that, in general, 20 to 25 percent of ROE
requests are typically refused. Ms. Newton-Lund will speak with the Army’s Real Estate Division about including a
“Decline” box, along with language concerning the ramifications of a refusal, in the ROE request. Ms. Hartman
requested that the Army provide the regulators with an example ROE request.

Mr. English noted that each resident would be asked to remove household chemicals from their residence at least
24 hours before each VI assessment. Mr. Crawford asked whether 24 hours was considered a sufficient timeframe
to allow household chemical concentrations to dissipate after the sources were removed. Dr. Lund responded
that, based on the air exchange rate observed at other study sites, 24 hours was an adequate timeframe.

Risk Assessment Approach

The meeting participants discussed the human health risk assessment approach (HHRA) for OU-2. Please refer to
the presentation slides for details on the items discussed.

Using appropriate lines of evidence, chemical concentrations in indoor air and subslab soil gas will be evaluated to
determine whether they are potentially site-related. Chemicals of potential concern (COPCs) are chemicals that
are deemed to be potentially site-related and have concentrations exceeding screening levels. COPCs will be
carried through the HHRA. Krista McGowan of the USACE-Kansas City District recommended that the forthcoming
work plan use terminology consistent with Department of Defense and USEPA guidance. Dr. McGowan noted
that, once the HHRA is performed, the more appropriate term for chemicals that pose unacceptable risk is
“potential chemicals of concern”. A “chemical of concern” (COC) is a term used in the decision document.

Ms. Hartman recommended that the decision matrix for OU-2 include short-term and long-term actions. For
example, immediate action or notifications may be warranted if chemical concentrations at a particular residence
are substantially elevated above screening levels. Action levels for immediate actions or notifications should be
included in the decision matrix in the forthcoming OU-2 work plan.
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Deliverables

The primary deliverables during the OU-2 RI/FS will consist of the following:
e work plans
e Vltechnical memoranda

e Rlreport
e FSreport

Please refer to the presentation slides for additional details regarding each of these deliverables.

OU-2 RI/FS Schedule for FY 2013 and 2014

The OU-2 RI/FS schedule was discussed. The draft OU-2 work plan will be submitted for Army review this fall.
Following Army review, the draft OU-2 work plan will be submitted to the regulators for review. Following
finalization of the work plan, the anticipated funding schedule for follow-on activities is as follows:

e Optional Task 4 (Conduct RI) — Fiscal Year (FY) 13 3" Quarter (no later than June 30, 2013)
e Optional Task 5 (Prepare RI Report) — FY 14 1°* Quarter (no later than December 31, 2013)
e Optional Task 6 (Prepare FS Report) — FY 14 4™ Quarter (no later than September 30, 2014)

Conclusion / Wrap-up

Following the presentation, the meeting participants discussed a day care facility located north of the former
Hanley Area, at the corner of Henner Avenue and Goodfellow Boulevard. Ms. Hartman noted that the day care
facility should be investigated because it lies near the site. Dr. Lund noted that VI assessment findings from PP-1,
located between the former Hanley Area and the day facility, do not suggest that an investigation is warranted.
Regardless, Ms. Hartman noted that stated that it is policy to investigate buildings that are used as day care
facilities when environmental release sites are located nearby. Mr. Pedicino stated that USEPA would sample the
day care facility if the Army does not agree to sample it. Ms. Newton-Lund suggested that MDHSS prepare a
formal request to the Army to sample the day care facility. Jonathan Harrington of USAEC will discuss this topic
with USAEC management.

Action Iltems

e The Army will determine whether the November 2012 community outreach effort will be a public availability
session or an updated fact sheet and letter to the public.

e Ms. Newton-Lund will contact Rosalind Portis of the Job Corps to request holding a future public availability
sessions at the Job Corps facility.

e CH2M HILL will prepare an OU-2 work plan that incorporates the discussions held during the OU-2 strategy
meeting.

e Mr. Harrington will discuss the possible investigation of a nearby day care facility with USAEC management.
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Appendix B
Laboratory Standard Operating Procedures




EMPIRICAL LABORATORIES, LL.C
STANDARD OPERATING PROCEDURE

ORGANICS: SOP 202 REVISION #: 2§ EFFECTIVE DATE: 20120926

GC/MS VOLATILES BY EPA METHOD E624 & SW846 METHOD 826(0B
INCLUDING APPENDIX IX COMPOUNDS 6‘

APPROVALS:

Lab Dlrector z

Bate: 09/26/2012
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Changes Summary

Revision 25, 09/26/12
e All references to Target have been updated to reflect Chemstation for data processing.
e Library reference has been updated to NIST98.L.
e Data review checklist has been updated to include a place for the sample number used to
recalculate the concentration from raw area counts all the way to the final LIMS

concentration.
e References to LCS have been updated to reflect BS. ?
W

Revision 24, 09/13/11 N

e This SOP is an update from Revision 23 dated 09/09/10. :'\J

e Section 9 has been updated with column and concentrator information. « A »‘y

e Section 10 has been updated with current standards mixtures. Af‘»

e Section 13.1 has been updated to reflect calibration curve for anal and’surrogates.

e References to QSM 4.1 have been updated to QSM 4.2. -~
Revision 23, 09/09/10 \

e This SOP is an update from Revision 22 dated 09/30/09,, },\;
e Tables 1 and 2 have been updated with appropriate rﬁf’@p‘b’e updates.
e Tables 5-7 have been added. (\w:)

Revision 22, 9/30/09 A,\'\)y’

e The SOP is an update from Revision 21 dated.09/11/08

e The SOP is formatted to include all 22-¢lentents required per the NELAC standards

e The laboratory’s revision of all t J'SOPs now includes a Table of Contents that
provides the map of the technie@l information contained within the SOP.

e Additional requirements, based upon the DoD QSM 4.2, have been integrated into the
routine sample flow; howeveryif the requirement is different from routine sample flow,
then the requirement is (@;ned and documented as such to be followed only when DoD

samples are analyz@&\,
@)
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1. Identification of the Test Method

1.1  This SOP is compliant with methods — EPA Method 624 and SW-846 Method 8260B
2. Applicable Matrix or Matrices

2.1 This SOP is applicable to — The analysis of volatile organic compounds in a variety of

matrices including but not limited to soils, sediments, ground and surface waters,
aqueous sludge, oily wastes, etc.

O
)l
~

OA A »y
4.1 This SOP is based primarily on SW-846 Method 8260B. Methg /-846 Method

3. Detection Limit: See Table 1 of this SOP.

4. Scope of Application, Including components to be Analyzed

8000B; Federal Register Method 624; and CLP Method for Volatiles have also been
used in the development of this SOP. The analyses by thes s methods are
clearly defined in the respective regulatory manuals. A é d wnderstanding of these
different methods is essential to the performance of e 0§110d. Each parameter
that is analyzed and reported under the scope of this/SOP'is listed in Table 1 of this
SOP. When applicable, surrogate and Internal SP@IM Analytes are listed and
indicated as such within this table. (\":/

5. Summary of the Test Method & ) 4
A \

5.1 After sample preparation, the sam wntroduced into the GC/MS generally using
purge and trap but sometime irect injection (see SW-846 Methods 5030B,
5035/5035A and 3585 for aration). In purge and trap, the analytes are stripped
from the sample using hﬁl‘m and trapped on an adsorbent tube. The tube is heated

while being backﬂushec{ ith helium to carry the analytes to the GC/MS system. The
analytes are separated’in the gas chromatograph by a combination of the temperature
program and thécapillary column. The analytes are then detected by the mass
spectrometer. Q tes are identified by comparing the mass spectra of known
standards ¢ mass spectra of the sample. Analytes are quantitated relative to
known standards using the internal standard method.

A

6. Definitions™ >
6.1@%[’)oratory Quality System SOP QS08 “Technical / Operational Definitions,
inimum Essential Quality Control Elements, and Laboratory Calibration
"‘ )’ Procedures” provides information on the commonly used definitions.

7. Interferences

7.1 Section 3.0 of SW-846 Method 8260B details interferences and potential problems
which may be encountered when dealing with volatile analyses.
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8. Safety

8.1

Laboratory SOP QS13 “Safety Program & Chemical Hygiene Plan” discusses the
safety program that is to be followed labwide.

9. Equipment & Supplies

9.1

9.2

9.3

94

9.5

9.6

9.7
9.8
9.9

GC : HP 5890 or 6890, temperature programmable, suitable for split or splitless
injection.
Column: HP-VOC, 30 meter x 0.2 mm [.D. 1.12 pm film thickness silico aa ed
fused silica capillary column or equivalent. X @

~

M.S.: HP 5971, 5972 or 5973 capable of scanning 35 to 500 amu everyaone-second or
less, using 70 volts electron energy in electron impact ionization 6@. The MS is
capable of producing a mass spectrum for p-Bromofluorobenz ‘B, which meets
all tuning criteria for EPA methods [when 1 pL (50 ng) fﬁhe GC/MS tuning
standard is introduced to the GC.] . ’&

\

Purge and Trap Unit ,

A

9.4.1 Concentrators: Tekmar/Dohrmann 3000&,&ample Concentrator equipped
with Supelco trap number 2-4920-U V. B 3000, or equivalent, providing
good delivery for all target compoun

ANY

9.1.1 Autosamplers: Varian Archon, %l /position programmable autosampler with

5ml to 25ml water and heatedisoil capability.

Acquisition Software: HP C ?on system interfaced to the GC/MS. The system

acquires and stores data th hout the chromatographic programs.
A

Data Processing Softwi. . HP Chemstation data system. The system accepts and
stores acquired data. <t'plots by extracted ion current profile (EICP). The system is
also capable ofjﬁ%%ﬁng the abundances of any EICP between specified time or
scan-number lim‘hg IST98.L mass spectral library is installed.
Microsyrin .0,5.0,10, 25, 50, 100, 250, 500 and 1000 pL.

| V4 N

Syringg\'\i’% and 50 mL, gas-tight with Luer end.
A
Balange- analytical, 0.0001 g; top-loading, 0.01 g.

9.10 @s}}cﬁable pasteur pipets.

A9.

7

‘9.12
9.13
9.14
9.15

olumetric flasks, Class A - 2 mL, 5 mL, 10 mL, 50 mL, 100 mL and 250 mL with
ground-glass stoppers.

Wooden tongue depressors
Glass scintillation vials - 20mL with screw caps.
Latex or Nitrile Gloves

pH paper (measures pH from 0-14).
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10. Reagents and Standards

10.1 The laboratory’s LIMS system allows for complete documentation and for the
traceability of reagents and standards used within the laboratory. The following
information relates to the specific reagents and standards used for the performance of
the method:

10.2 Organic-free reagent water - obtained from the charcoal filter system in the VOA
laboratory.

10.3 Methanol - Purge and trap grade (EM-Omnisolv EM-0482-6 or equivalent) P N

10.4 Methanol - suitable for use in gas chromatography (B&J Omnisolv MX0484> ,™ 1,
or equivalent) ,3,\;

10.5 Sodium bisulfate, NaHSO4 — ACS reagent grade, or equiva'[grft.yyAvailable
from Aldrich (Part No. 30,782-3).

10.6 Stock standards are purchased in mixtures from reputable Vﬁnﬁ% )Fhe date they are
received is noted on the label. The date they are openedis noted on the label and
recorded in the LIMS system along with their lot num d vendor and given a
sequential number. Each standard label is completéd with the standard number,
name, preparation date, expiration date, solvent and” yst initials. Stock standards,
when opened, have an expiration date of 6 months, except for gas standards for
South Carolina samples which have a one week expiration date. All stocks and
standards are stored in the freezer at a temp};a’t'ure of -15°C £+ 5°C or less from the
date they are received/prepared. The ffr&zéf temperature is monitored daily with a
calibrated thermometer (annual calibration for liquid in glass and quarterly calibration
for digital) and recorded with caegi n correction in the VOA refrigerator/freezer
logbook. Minimum ximum temperatures are recorded after
weekends/holidays. Makeup, of/common standards is detailed below. See standard
information in LIMS sy»"sgl for makeup of other standards.

10.6.1 The Bromof@;obenzene (BFB) tuning standard is prepared as follows:

Using a Xsyringe, 25uL of standard (BFB @ 10000ng/uL) is injected into

a Smlwolumetric flask containing approximately 4.0mL P&T methanol

(Veddor;Lot) and diluted to volume with same making a 50ng/uL standard.

After capping and inverting 3 times, the solution is transferred to a labeled

Alteflon-lined, screw-capped vial and stored in the freezer at -15°C + 5°C or

(™ less for up to a year (1 week for South Carolina samples). A direct injection
C; of 1uL (or equivalent purge) is used to tune the instrument.

&\),0110.6.2 The internal and surrogate standards are prepared as follows: Using the

indicated syringe, the indicated amount of standard is injected into a 50 mL
volumetric flask containing P&T methanol (Vendor,Lot) and diluted to
volume with same making a 150ng/pL standard. After capping and inverting
3 times, the solution is transferred to the Archon standard vial and stored
under helium for 1 month or less. Each 8260/624 sample is automatically
injected with 1pL of this standard. (The internal standard/surrogate solution
may be replaced if the —50%-200% criteria exceeds in the CCV when
calculated against the midpoint of the ICAL or previous CCV.)

A

-~
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Conc. Syringe Amount

Standard (ng/uL) (uL) (uL)
8260 ISTD Mix 2500 1000 3000
Surr. Mix 2500 1000 3000

10.6.3 Calibration standards are prepared from the vendor stock standards at
appropriate concentrations as follows. Occasionally unusual compounds are

added to

the mix so it is best to check the LIMS for exact standard m eup

Note: for laboratory blank spikes (BS), alternate sources or lot number

the main

10.6.3.1

calibration standard are used to make the BS standard. @‘

Primary Standard: Using the indicated syringe, the 4 c»hg‘%d amount
of standard is injected into a 2mL volumetric ﬂask;orkamlng
approximately 1.0mL P&T methanol (Vendorgd ot) ard diluted to
volume with same to make a 100-500ng/ukstandard. After capping
and inverting 3 times, the solution is transfesred into 2ml amber vial
w/mini-inert valve and stored in the freez@»a -15°C +5°C for 1
week. A 100pg/L (SmL purge) star}cf% is made using S0uL of this
standard to SOmLof reagent watera, %

Stock Standard(CCV) Conc_ ' Syringe(uL) Amount(uL)  Final Conc

(ng/ (ng/pL)

Custom 2 Mix

Ketones Mix

Liquid mix

Custom mix

Gases (cat#30042)
Oxygenates (CC2098.10)

Additional compounds

2000-40000 250 200 200-4000
N5000 250 160 400
./ 2000 250 200 200
) 2000-10000 250 200 200-1000
O 2000 250 200 200
A > 2000-10000 250 200 200-1000
may be acl such as Appendix IX. Refer to standard ID in LIMS system.

10.6.4 ICV/BS/M &’Spike Mix: A second source standard is used to check the

validity

the gas and primary calibration standards used in analyzing the

c?;g(@\ curve. Using the indicated syringe, the indicated amount of

ard is injected into a 2mL volumetric flask containing approximately

L P&T methanol (Vendor,Lot) and diluted to volume with same to make

\ 9,100-500ng/pL standard. After capping and inverting 3 times, the solution is

./ transferred into 2ml amber vial w/mini-inert valve and stored in the freezer at

C) -15°C £ 5°C for 1 week. A 50pg/L ICV/BS/Matrix Spike is made using 25uL
of this standard to 50mL of reagent water/Sample Matrix.

Yy’ Stock Standard(ICV/BS) Conc Syringe(uL) Amount(uL) Final Conc

o (ng/pL) (ng/pL)
Custom 2 mix 2000-40000 100 100 100-2000
Oxygenates 2000-10000 100 100 100-500
Ketones 5000 100 80 200
Liquid mix 2000 100 100 100
Custom Mix 2000-10000 100 100 100-500
Gases 2000 100 100 100

V:\Standard Operating Procedures\Current SOP File Directory\SOP202_R25 20120926.Doc Page 7 of 24



11. Sample Collection, Preservation, Shipment, and Storage

13.1 Quality Systems SOP QS10 related to Sample Receipt, Handling, & Processing
provides details for collection, preservation, shipment, and storage.

13.2 All water samples are stored in the “True” refrigerator in the VOA lab at a
temperature of 4°C. All unpreserved soil samples in TerraCore or encores are stored in
the freezer in the VOA lab. All soil samples in bulk jars or chemically preserved
TerraCore are stored in the soil walk-in refrigerator at a temperature of 4°C. Non-
preserved water volatile samples have a holding time of 7 days from date of sampling.
Preserved water samples and soil volatile samples have a holding time of 14 days
date of sampling (unless otherwise specified for the project). The temperature i
monitored daily with a calibrated thermometer (annual calibration for liquidi S
and quarterly calibration for digital) and recorded with calibration correcti the
VOA refrigerator/freezer logbook. The weekend temperature is mon Iﬁ@vnh a
Min/Max thermometer and recorded upon arrival next business QQ

S

12. Quality Control ,S(

@

12.1 Quality Systems SOP QS08 “Technical / Operational ﬁ&ions, Minimum Essential
Quality Control Elements, and Laboratory Calibratign,Procedures” outlines details
related to laboratory wide protocols on quality cgm%lr

12.1 Internal Standards - All samples and QC arq@(ed with internals. See Table 2 for
acceptance criteria and corrective action. _/ y”

12.2 Surrogates - All samples and QC are spihed‘with surrogates. See Table 2 of this SOP
for acceptance criteria and correct}ge‘kdion.

12.3 BS Sample - A BS is analyzed every 12 hour tune. To prepare the BS, a blank is
spiked with standards prepaged/ from an alternate vendor or lot number from the
calibration standards. Nete: “the concentration of the BS will be 20 pg/L when
analyzing 624 samples Check Sample). See Table 2 of this SOP for acceptance
criteria and corregtive action. When analyzing samples for South Carolina the
limits are 70-130%%except for poor purgers which are 60-140%.

12.4 Method Bla l@A method blank is analyzed every 12 hour tune. See Table 2 of this
SOP for tance criteria and corrective action..

12.5 Matrlxmke/Matrlx Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked
for(ah) MS/MSD with the BS standard. See Table 2 of this SOP for acceptance
s; tefia and corrective action. MS data evaluation must include the consideration of

£ following factors.

A )

. 12.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected

water sample it may affect the %R and RPD of the MS/MSD. A water sample
which was taken from the same VOA vial for the original sample and the
MS/MSD should have very good RPDs unless there has been a method
problem. Corrective action must be taken in the form of reanalysis if a
method problem is indicated.

12.5.2 Original sample concentration - If a spiked compound has a problem and the
concentration of that compound in the original sample was four or more times
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the concentration of the spike, no further corrective action may be necessary
other than the generation of a corrective action report to document the
problem.

12.5.3 MS vs. MSD - If a spiked compound has a problem in both the MS and MSD,
review the BS and if acceptable no further action may be necessary since it is
attributable to matrix effect.

should be brought to the immediate attention of your supervisor who 1d

12.5.4 Non-target Interference - The presence of significant non-target interfgrence
discuss the problem with the client/project manager to determine the agtien to

be taken. X
~ Y
e ALY
13. Calibration and Standardization ‘ra »&

13.1

13.2

13.3

13.5

A
)

Essential Quality Control Elements, and Laboratory Cali?ra&g Procedures” related
to Calibration Procedures provides laboratory wide protoc% r calibration and

standardization. X

Chromatographic conditions — Refer to correspon Sinstrument maintenance log for

current gas chromatograph, mass spectrometer, ;écl; oncentrator conditions.

Quality Systems SOP QS08 “Technical / Operational Deﬁnj:iﬁ%l\/ﬁnimum

System Bakeout - Prior to analysis an inskrurr’l,mt blank is analyzed.

NOTE: Further cleaning may be éc\o'mplished by backflushing the lines with

methanol and then analyzing blan@yvemight.
13.4 Tuning - Prior to an @ bration or analysis, BFB tuning criteria must be met
for a 1.0uL injection of the tuning standard. See Table 5 of this SOP for acceptance
criteria. Tune must be et every 12 hours sample analysis is to be performed (every
24 hours for Federal ster Method 624 except for South Carolina which only
allows 12 hours Bhe mass spectrum of BFB is acquired as follows: by using the
BFB method 1 get (which uses three scans with backround subtraction) to
process the m ata file. If the BFB tune does not pass criteria corrective action
should bc&l\gé'ﬁ'

Calib,rﬁ't;"}ff:/ Calibration standards are made up in water using the appropriate
ampuntyof the methanol standard. See the LIMS for preparation of standards.
Calibration for soils for South Carolina requires that SmL of sodium bisulfate

i

Qsolution is added to each calibration standard made if the samples will be

preserved with sodium bisulfate. All manual calibration integrations must be

~ approved by the section manager or designated peer reviewer.

13.5.1 Initial Calibration - An initial calibration curve at no less than five (six if
using a quadratic curve fit) concentration levels for analytes and surrogates
must be analyzed and shown to meet the initial calibration criteria before any
sample analysis may be performed. See Table 2 of this SOP for acceptance
criteria and corrective action. The lowest standard must be less than or equal
to the reported quantitation limit and the highest standard must not exceed the
linear range of the detector. Any manual integrations are documented by
inclusion of the integrated signals (before and after manual integration)
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initialed, dated, and reason with the quantitation report and chromatograms.
All manual calibration integrations must be approved by the section manager
or designated peer reviewer Any response factors less than 0.050 must be
supported by the mass spectrum of the lowest standard. No quadratic curves
for South Carolina.

CCCs: 1,1-Dichloroethene Toluene
Chloroform Ethylbenzene
1,2-Dichloropropane Vinyl chloride P
SPCCs: Chloromethane 0.10 g d
1,1-Dichloroethane 0.10 )’\J
Bromoform 0.10 . A N\
Chlorobenzene 0.30 A »&
1,1,2,2-Tetrachloroethane 0.30 p. ‘g
%andard is prepared

13.5.2 Initial Calibration Verification (ICV) - A second S
at or near the CCV concentration and calculated &t the initial calibration
curve, then shown to meet the calibration c a§1ter1a before any sample
analysis may be performed. See Table 2 of%this SOP for acceptance criteria
and corrective action. Any manual integrations are documented by inclusion
of the integrated signals (before and, aftér manual integration) initialed,
dated, and reason with the quantitatiOnyr yreport and chromatograms. All manual
ICV integrations must be approvcﬂ by the section manager or designated peer

reviewer.
13.5.3 Continuing Calibration V ;02 ion (CCV) - A CCV is analyzed every 12
t

hour tune and calcul the initial calibration curve, then shown to
meet the calibrati@ck criteria before any sample analysis may be
performed. SeezTable”2 of this SOP for acceptance criteria and corrective
action. Any r%nual integrations are documented by inclusion of the
integrated,si ']p efore and after manual integration) initialed, dated, and
reason Wwithythe quantitation report and chromatograms. All manual CCV
integrati must be approved by the section manager or designated peer
rev'gvt“
NQ(E”. Acceptance criteria for method 624 consists of meeting recovery
JTimifs found in table 5 of the method for a QC check sample. This QC check
/N sample is made from a separate source or lot number than the calibration

C?"/ standard at a concentration of 20 pg/L.

14, Iﬁ' Qre
£ y

"14.1 BS-ABSis analyzed every 12 hour tune.Using standards prepared from an alternate
vendor or lot number, blank water is spiked at the 50 ng/L (5SmL/soil) or 10 pg/L
(25mL) level. See Table 2 of this SOP for acceptance criteria and corrective action.
Note: the concentration of the BS will be 20 pg/L. when analyzing 624 samples
(QC Check Sample).

14.2 Method Blank - Prior to sample analysis, the system must be shown to be free of
contamination through analysis of a method blank. See Table 2 of this SOP for
acceptance criteria and corrective action.
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14.3 Sample Analysis - Prior to analysis, the samples are prepared for chromatography
using the appropriate sample preparation method (SmL water, 25mL water, low soil,
high soil, etc.) See SOP 225 for preparation of a 5035 soil sample. For a SmL/25mL
water sample, use the following procedure:

14.3.1 Load the vial into the Archon autosampler in the expected position.

14.3.2 Program the Archon for the loaded vial range and necessary dilutions, making
sure the programmed method is set for the same volume as the purge vessel on
the front of the LSC 2000 or 3000/3100 and that the Chemstation se ce
matches the Archon sequence. Note: TCLP samples are analyzed %
dilution. One TCLP sample is spiked per batch at receipt of leacha%

sy

e A

14.3.3 After analysis of the sample has been completed, check the &P’tfle sample
using pH paper and verify it to be less than a pH ecorded on the
sequence log). If it is not, record the pH on the sequ chiee log and generate a
non-conformance report. The sample report W11 ave to be qualified for
preservation if the analysis is being performe re than 7 days after
sampling. [Note: TCLP samples do not requnw\J check ]

14.4  Instrument sequence
An example of a typical instrument sequence ﬁollows
1-BFB Tune (12:00 am)
i
/\ )
4-RL standard )

5-Method Blank

6-Sample OC
7-Sample

)

8-Sample > .
9-Sample ,‘}
10-Sample A J
11-Sample \\
12-Sample 0

13- Samp&
14-Sample”
15- am le
16-Sample
ClV-Sample
A 18-Sample MS
\ 19-Sample MSD

N 20-BFB (12:00pm - 12 hours since last BFB/CCV)
21-CCV
22-BS
23-Method Blank
24-Sample
25-Sample

14.5 Data Reduction/Evaluation - Each sample analysis sequence is documented using the
computer run log generated on the chemstation. This run log is signed, dated and
paginated then placed in a 3 ring binder for that instrument. After the sample has
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been analyzed, the data is processed through the Chemstation data system.
Quantitative measurements are performed using the calculations found in section 15.2
of this SOP. The following must be checked to determine if the sample will need any
reanalysis or dilution. See Table 2 of this SOP for acceptance criteria and corrective
action. Formal data evaluation is detailed in SOP QS05. See SOP QS07 for
guidance on manual integrations.

14.5.1 Internal Standards - Areas counts and retention times.

14.5.2 Surrogates — Recoveries and retention times.
Federal Register Method 624 contains no criteria for surrogate recovery.

W\

Surrogate WATER SOIL

e AL Y
Dibromofluoromethane 85-120 80-125 A »
1,2-Dichloroethane-d4 85-135 75-140 J( »
Toluene-d8 85-115 80-120 A Y
Bromofluorobenzene 80-120 80-125 ~

14.5.3 Analyte concentration.
fa
14.5.4 Qualitative identification based on spectry‘wgﬂ retention time.
/ 3}
Yot
15. Data Analysis and Calculations (\

15.1 Quality Systems SOP QS09 “General a@jommonly used Laboratory Calculations”
provides details on general calculatlons)lsed throughout the laboratory.

)
15.2 Calculations: OC

13.1.1 The RF is calcu%§c} as7 follows: RF

79)
where: \

As 5 I@ area (or height) of the analyte or surrogate.
AthPeak area (or height) of the internal standard.

- ( = Concentration of the analyte or surrogate.

— As X Cis
Ais X Cs

Concentration of the internal standard.

W Cis =
GQ 2 Calibration verification involves the calculation of the percent drift (linear) or
A 0 the percent difference (average) of the instrument response between the initial
A N’ calibration and each subsequent analysis of the verification standard. Use the
e equations below to calculate % Drift or % Difference, depending on the
calibration procedure used.

(Calculated concentration — Theoretical concentration) * 100
% Drift = Theoretical Concentration

where the calculated concentration is determined from the initial calibration
and the theoretical concentration is the concentration at which the standard
was prepared.
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(CCV RF — Average RF) * 100
% Difference = Average RF

where CCV RF is the response factor from the analysis of the verification
standard and Average RF is the average response factor from the initial
calibration. The % difference or % drift calculated for the calibration
verification standard must be within £20% for each CCC analyte, or for all
target analytes if the CCCs are not target analytes, before any sample analyses

may take place. N
15.2.3 Concentration in water samples is calculated as follows: [Notey Using the
units specified here for these terms will result in a concentrat}d& units of
ng/mL, which is equivalent to ug/L. Yy
g q g/L.] .f »
Concentration (ug/L)= (ANC: D
(A)(RE)(VE)(1000)

I 4
where: \

As = Area (or height) of the peak for the anavl'yt\‘n the sample.
Ajs = Area (or height) of the peak for the gﬁ%ﬂgl standard.
Cis= Concentration of the internal standard«in the volume purged in ug/L.

D = Dilution factor, if the sample W uted prior to analysis. If no dilution
was made, D =1. The dllutﬁn factor is always dimensionless.

V; = For purge-and-trap anal i is not applicable and is set at 1.

RF = Mean response fact m the initial calibration.

Vs = Volume of th aqugous sample purged (mL). If units of liters are used
for this term m y the results by 1000.

15.2.4 Concentratlon.-u‘}n -aqueous samples is calculated as follows: [Note: Using
the umts.ﬁ&@d here for these terms will result in a concentration in units of

ng/g, Véhﬁi&l equivalent to ug/kg.]

‘
| Vg

: _ (AXC)D)V))
B ( ;\ Concentration (u g/kg) (Ais)(ﬁ)(ws)( 1000)

-/
oc‘ ) where: As, Ajs, Cis, D, and RF are the same as for aqueous samples.
% W= Weight of sample extracted (g). Either a dry weight or wet weight
) may be used, depending upon the specific application of the data. If
units of kilograms are used for this term, multiply the results by 1000.
16. Method Performance

h -

16.1 Demonstration of Capability (DOC): Each analyst must perform a DOC prior to
reporting data. The analyst must prepare (for prep technicians) and analyze (analysts
reviewing and reporting data) 4-BS samples. The data is calculated for accuracy and
precision requirements. The DOC form is completed by each analyst and then
provided to the supervisor for further processing and approval. See Table 2 for
acceptance criteria.
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17. Pollution Prevention

17.1 Quantity of chemicals purchased should be based on expected usage during its shelf-
life and the disposal cost of unused material. Actual reagent preparation volumes
should reflect anticipated usage and reagent stability.

18. Data Assessment and Acceptance Criteria for Quality Control Measures

18.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions: P\f
Laboratory Non-Conformance / Corrective Action Procedures, Decision Mal%\
Guidelines for Evaluating Laboratory Analytical Sample and Quality Contr
Results”, provides details on data assessment and acceptance criteria{o‘é&z ity
Control Measures. Table 2 of this SOP provides information on QC es
frequency, and the associated criteria specific to the performar/l‘an@j method.

3

e
19. Contingencies for Handling out-of-control or unacceptable dat

19.1 Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:
Laboratory Non-Conformance / Corrective Action Precédures, Decision Making
Guidelines for Evaluating Laboratory Analytical,SahpTe and Quality Control
Results”, provides details on handling out of centrel data. Table 2 within this SOP
also lists corrective actions associated With\t )] ilure of the various QC samples
employed for the performance of this method-

20. Waste Management. C \)

20.1 Laboratory SOP QS14 on Waste /Handling discusses general guidelines for the
appropriate handling of/«vsstesvand the laboratory program on waste management.

21. References A "f
21.1 40 CFR, Part 1 ‘%endix A
21.2 Test Methods }%valuating Solid Waste, SW-846, Third Edition and updates
21.3 National Enviremmental Laboratory Accreditation Conference; CH. 5, 2001
21.4 USACE,\&,}EOO—IS; Appendix 1; Shell, 2/2001
21.5 DOD Quality Systems Manual for Environmental Laboratories version 3, 3/2005
21.6 DQDQuality Systems Manual for Environmental Laboratories version 4.1, 4/2009
21.7 &?)/Quality Systems Manual for Environmental Laboratories version 4.2, 10/2010

22. 'ﬁl@Diagrams, Flowcharts and Validation Data
A 2.1 Table 1, all parameters with DL(MDL)/LOD/LOQ(MRL).
7222 Table 2, QA/QC summary table
22.3  Table 3, Technical Completeness / Accuracy Checklist
22.4 Table 4, Data Reviewers Checklist(s)
22.5 Table 5, BFB Tuning Criteria
22.6  Table 6, Analyst Checklist
22.7 Table 7, INTERNAL STANDARD ASSOCIATION
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Table 1 - DL/LOD/LOQ

Analyte MDL/DL LOD MRL/LOQ Units
1,1,1,2-Tetrachloroethane 1.25 2.50 5.00 ug/Kg
1,1,1-Trichloroethane (1,1,1-TCA) 1.25 2.50 5.00 ug/Kg
1,1,2,2-Tetrachloroethane 1.25 2.50 5.00 ug/Kg
1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113; Freon 113) 2.50 5.00 10.0 ug/Kg
1,1,2-Trichloroethane 1.25 2.50 5.00 ug/Kg
1,1-Dichloroethane (1,1-DCA) 1.25 2.50 5.00 ug/Kg
1,1-Dichloroethene (1,1-DCE) 1.25 2.50 5.00 Kg
1,1-Dichloropropene 1.25 2.50 5.00 U,
1,2,3-Trichlorobenzene 1.25 2.50 5.00 ,.,uM(g
1,2,3-Trichloropropane 1.25 2.50 5.00 /Kg
1,2,4-Trichlorobenzene 1.25 2.50 5.00 ug/Kg
1,2,4-Trimethylbenzene 1.25 2.50 o5 ﬁ(‘ ug/Kg
1,2-Dibromo-3-chloropropane (DBCP) 2.50 5.00 0.0 ug/Kg
1,2-Dibromoethane (EDB) 1.25 2.50 5.00 ug/Kg
1,2-Dichlorobenzene 1.25 2.504 75.00 ug/Kg
1,2-Dichloroethane (EDC) 1.25 250 5.00 ug/Kg
1,2-Dichloropropane 1.25 2150 5.00 ug/Kg
1,3,5-Trimethylbenzene 1.25 %?’ 5.00 ug/Kg
1,3-Dichlorobenzene 1.25 0 5.00 ug/Kg
1,3-Dichloropropane 1.25 2.50 5.00 ug/Kg
1,4-Dichlorobenzene 1 % 2.50 5.00 ug/Kg
2,2-Dichloropropane sy 2.50 5.00 ug/Kg
2-Butanone (Methyl ethyl ketone; MEK) 2:50 5.00 10.0 ug/Kg
2-Chlorotoluene ~L .25 2.50 5.00 ug/Kg
2-Hexanone (Methyl butyl ketone; MBK) ’\;‘7 1.25 2.50 5.00 ug/Kg
4-Chlorotoluene o W 1.25 2.50 5.00 ug/Kg
4-Methyl-2-pentanone (Methyl isobutyl ketone; MIBK)” 1.25 2.50 5.00 ug/Kg
Acetone 5.00 10.0 20.0 ug/Kg
Acrolein 5.00 10.0 20.0 ug/Kg
Acrylonitrile 5.00 10.0 20.0 ug/Kg
Benzene 1.25 2.50 5.00 ug/Kg
Bromobenzene A ) 4 1.25 2.50 5.00 ug/Kg
Bromochloromethane 1.25 2.50 5.00 ug/Kg
Bromodichlorometh 1.25 2.50 5.00 ug/Kg
1.25 2.50 5.00 ug/Kg
2.50 5.00 10.0 ug/Kg
1.25 2.50 5.00 ug/Kg
Carbon Tetrachloride 1.25 2.50 5.00 ug/Kg
»“€hlorobenzene 1.25 2.50 5.00 ug/Kg
"%,_Chloroethane 2.50 5.00 10.0 ug/Kg
Al Chloroform 1.25 2.50 5.00 ug/Kg
" Chloromethane 2.50 5.00 10.0 ug/Kg
e Gis=1,2-Dichloroethene (cis-1,2-DCE) 1.25 2.50 5.00 ug/Kg
cis-1,3-Dichloropropene 1.25 2.50 5.00 ug/Kg
Cyclohexane 1.25 2.50 5.00 ug/Kg
Dibromochloromethane 1.25 2.50 5.00 ug/Kg
Dibromomethane 1.25 2.50 5.00 ug/Kg
o’ Dichlorodifluoromethane (CFC-12) 2.50 5.00 10.0 ug/Kg
Ethyl methacrylate 1.25 2.50 5.00 ug/Kg
Ethylbenzene 1.25 2.50 5.00 ug/Kg
Hexachlorobutadiene 1.25 2.50 5.00 ug/Kg
lodomethane 5.00 10.0 20.0 ug/Kg
Isopropylbenzene (Cumene) 1.25 2.50 5.00 ug/Kg
Methyl Acetate 2.50 5.00 10.0 ug/Kg
Methyl methacrylate 1.25 2.50 5.00 ug/Kg
Methyl Tertiary Butyl Ether (MTBE) 1.25 2.50 5.00 ug/Kg
Methylcyclohexane 1.25 2.50 5.00 ug/Kg
Methylene Chloride, or Dichloromethane 2.50 5.00 10.0 ug/Kg
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Analyte MDL/DL LOD MRL/LOQ Units
Naphthalene 1.25 2.50 5.00 ug/Kg
n-Butylbenzene 1.25 2.50 5.00 ug/Kg
n-Propylbenzene 1.25 2.50 5.00 ug/Kg
p-Isopropyltoluene 1.25 2.50 5.00 ug/Kg
sec-Butylbenzene 1.25 2.50 5.00 ug/Kg
Styrene 1.25 2.50 5.00 ug/Kg
tert-Butylbenzene 1.25 2.50 5.00 ug/Kg
Tetrachloroethene (PCE; PERC) 1.25 2.50 5.00 ug/Kg
Toluene 1.25 2.50 5.00 ug/Kg
trans-1,2-Dichloroethene (trans-1,2-DCE) 1.25 2.50 5.00 ug/Kg
trans-1,3-Dichloropropene 1.25 2.50 5.00 g
Trichloroethene (TCE) 1.25 2.50 5.00
Trichlorofluoromethane (CFC-11) 2.50 5.00 10.0 FugliKg
Vinyl acetate 2.50 5.00 10.0 ) Ywe/Kg
Vinyl Chloride (VC) 2.50 5.00 10.0m, ug/Kg
m,p-Xylene 2.50 5.00 2100, V| ug/Kg
o-Xylene 1.25 2.50 0 ug/Kg
1,1,1,2-Tetrachloroethane 0.25 0.50 1.00 ug/L
1,1,1-Trichloroethane (1,1,1-TCA) 0.25 0.5 1.00 ug/L
1,1,2,2-Tetrachloroethane 0.25 0750 1.00 ug/L
1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113; Freon 113) 0.50 ® % 2.00 ug/L
1,1,2-Trichloroethane 0.25 5 1.00 ug/L
1,1-Dichloroethane (1,1-DCA) 0.25 250 1.00 ug/L
1,1-Dichloroethene (1,1-DCE) 0.25 0.50 1.00 ug/L
1,1-Dichloropropene 0.25, 0.50 1.00 ug/L
1,2,3-Trichlorobenzene 0257 | 0.50 1.00 ug/L
1,2,3-Trichloropropane 050 1.00 2.00 ug/L
1,2,4-Trichlorobenzene 70.25 0.50 1.00 ug/L
1,2,4-Trimethylbenzene 0.25 0.50 1.00 ug/L
1,2-Dibromo-3-chloropropane (DBCP) Q 0.50 1.00 2.00 ug/L
1,2-Dibromoethane (EDB) ad 0.25 0.50 1.00 ug/L
1,2-Dichlorobenzene 0.25 0.50 1.00 ug/L
1,2-Dichloroethane (EDC) 0.25 0.50 1.00 ug/L
1,2-Dichloropropane 0.25 0.50 1.00 ug/L
1,3,5-Trimethylbenzene 0.25 0.50 1.00 ug/L
1,3-Dichlorobenze y 0.25 0.50 1.00 ug/L
1,3-Dichloropropaie 0.25 0.50 1.00 ug/L
1,4-Dichlorobenze 0.25 0.50 1.00 ug/L
1-Chlorohexane 0.50 1.00 2.00 ug/L
2,2-Dichlaroptepane 0.25 0.50 1.00 ug/L
2-Butanone (M cthyl ketone; MEK) 2.50 5.00 10.0 ug/L
2-Ch@/l vinyl ether 1.25 2.50 5.00 ug/L
| V4 lorotoluene 0.25 0.50 1.00 ug/L
2-Hexanon@Methyl butyl ketone; MBK) 1.25 2.50 5.00 ug/L
AL Y 4-Chlorotoluene 0.25 0.50 1.00 ug/L
4-Methyﬁ3exanone (Methyl isobutyl ketone; MIBK) 1.25 2.50 5.00 ug/L
Acetone 2.50 5.00 10.0 ug/L
Acrolein 1.25 2.50 5.00 ug/L
Acrylonitrile 2.50 5.00 10.0 ug/L
Benzene 0.25 0.50 1.00 ug/L
Bromobenzene 0.25 0.50 1.00 ug/L
Bromochloromethane 0.25 0.50 1.00 ug/L
Bromodichloromethane 0.25 0.50 1.00 ug/L
Bromoform 0.25 0.50 1.00 ug/L
Bromomethane 0.50 1.00 2.00 ug/L
Carbon Disulfide 0.25 0.50 1.00 ug/L
Carbon Tetrachloride 0.25 0.50 1.00 ug/L
Chlorobenzene 0.25 0.50 1.00 ug/L
Chloroethane 0.50 1.00 2.00 ug/L
Chloroform 0.25 0.50 1.00 ug/L
Chloromethane 0.25 0.50 1.00 ug/L
cis-1,2-Dichloroethene (cis-1,2-DCE) 0.25 0.50 1.00 ug/L
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Analyte MDL/DL LOD MRL/LOQ Units
cis-1,3-Dichloropropene 0.25 0.50 1.00 ug/L
Cyclohexane 0.25 0.50 1.00 ug/L
Dibromochloromethane 0.25 0.50 1.00 ug/L
Dibromomethane 0.25 0.50 1.00 ug/L
Dichlorodifluoromethane (CFC-12) 0.50 1.00 2.00 ug/L
Di-isopropyl ether 0.25 0.50 1.00 ug/L
ETBE 0.25 0.50 1.00 ug/L
Ethyl methacrylate 0.25 0.50 1.00 ug/L
Ethylbenzene 0.25 0.50 1.00 ug/L
Hexachlorobutadiene 0.25 0.50 1.00 ug/L
Iodomethane 0.25 0.50 1.00 g/l
Isopropylbenzene (Cumene) 0.25 0.50 1.00 g/l
Methyl Acetate 0.50 1.00 2.00 ug/
Methyl methacrylate 0.25 0.50 1.00 Catig/L
Methyl Tertiary Butyl Ether (MTBE) 0.25 0.50 1.004, ug/L
Methylcyclohexane 0.25 0.50 100, > | uglL
Methylene Chloride, or Dichloromethane 0.50 1.00 0 ug/L
Naphthalene 0.25 0.50 1.00 ug/L
n-Butylbenzene 0.25 0. ﬁ 1.00 ug/L
n-Propylbenzene 0.25 0750 1.00 ug/L
p-Isopropyltoluene 0.25 o O 1.00 ug/L
sec-Butylbenzene 0.25 .5 1.00 ug/L
Styrene 0.25 50 1.00 ug/L
t-Butyl alcohol 1.25 2.50 5.00 ug/L
tert-Amyl methyl ether 2.50, 5.00 10.0 ug/L
tert-Butylbenzene 025 0.50 1.00 ug/L
Tetrachloroethene (PCE; PERC) NEA 0.50 1.00 ug/L
Tetrahydrofuran N4 71.25 2.50 5.00 ug/L
Toluene by 0.25 0.50 1.00 ug/L
trans-1,2-Dichloroethene (trans-1,2-DCE) S W 0.25 0.50 1.00 ug/L
trans-1,3-Dichloropropene ad 0.25 0.50 1.00 ug/L
Trichloroethene (TCE) 0.25 0.50 1.00 ug/L
Trichlorofluoromethane (CFC-11 0.50 1.00 2.00 ug/L
Vinyl acetate 1.25 2.50 5.00 ug/L
Vinyl Chloride (VC) 0.50 1.00 2.00 ug/L
m,p-Xylene A ¥ 0.50 1.00 2.00 ug/L
o-Xylene 0.25 0.50 1.00 ug/L

~p

,\\\
VW (\,‘,
o>
Y
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Method 8260B)

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments
Demonstrate Prior to using any test QC acceptance criteria Recalculate results; locate NA. InIhis is a demonstration of
acceptable method and at any time there | published by DoD, if and fix problem, then rerun 6 analytical ability to generate
analytical is a significant change in available; otherwise, demonstration for those \J acceptable precision and bias
capability instrument type, personnel, method-specific criteria. analytes that did not meet o A Y per the procedure in

test method, or sample criteria (see Section C.1.f of y » Appendix C. No analysis
matrix. DoD QSM 4.2). ,J'x shall be allowed by analyst
D 4 until successful
- demonstration of capability
is complete.
MDL Initial method demonstration | Refer to SOP QS09. @ ,
determination required for some states — , \,
not required for DoD &U
LOD determination | Prior to initial analysis then See Box D-13 of DoD QSM N
and verification quarterly verification. 4.2 5
LOQ establishment | Prior to initial analysis then See Box D-14 of DoD QSM < )
and verification quarterly verification. 4.2
Tuning Prior to ICAL and at the Refer to table 5 of this SOP. | Retune instrume nd Flagging criteria are not Problem must be corrected.
beginning of each 12-hour verify. R cted appropriate. No samples may be accepted

period.

o
samples’ v

without a valid tune.

Minimum five-
point initial
calibration (ICAL)
for all analytes

ICAL prior to sample
analysis.

1. Average response factor
(RF) for SPCCs:

VOCs > 0.30 for
chlorobenzene and 1,1 ,2{
tetrachlorolethane; > 0.1 fi
chloromethane, brofieform, /

and 1,1-dichloroethane.
P 4

2. RSD forREs CCs:
VOCs <30% one option
below:
Option.1: }\SD for each
analyte <'15%;

ti}}ﬂ 2: linear least

ares regression r > 0.995;

(yOption 3: non-linear

regression—coefficient of
determination (COD) 12 >
0.99 (6 points shall be used
for second order, 7 points

shall be used for third order).

Correct problem then repeat
I *J

,@

Flagging criteria are not
appropriate.

Problem must be corrected.
No samples may be run until
ICAL has passed.
Calibration may not be
forced through the origin for
DoD projects.
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued)

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments
Second source Once after each ICAL. All project analytes within + 20% of true Correct problem and Flagging criteria ar¢’not, | Problem must be
calibration value. verify second source appropriate. & corrected. No samples
verification (ICV) [£ 25% for non-DoD 8260B;] standard. Rerun second 7 may be run until
source verification. If @ A»}’ calibration has been
that fails, correct problem A{’x verified.
and repeat ICAL. X

Retention time Once per ICAL. Position shall be set using the midpoint NA.

window position standard of the ICAL curve when ICAL is

establishment for performed. On days when ICAL is not ®

cach analyte and performed, the sequence CCV is used. 4

surrogate )

Evaluation of With each sample. RRT of each target analyte within = 0.06 Correct problem,(& Flagging criteria are not | With each sample, the

relative retention
times (RRT)

RRT units.

Note - retention times may be updated based
on the CCV to account for minor
performance fluctuations or after routine
system maintenance (such as column

clipping).

\

°

A 7

rerun ICAL. A

ol
<
A
N

»Y

appropriate.

RRT shall be compared
with the most recently
updated RRT. Ifthe RRT
has changed by more than
+0.06 RRT units since the
last update, this indicates
a significant change in
system performance and
the laboratory must take
appropriate corrective
actions as required by the
method and rerun the
ICAL to reestablish the
retention times.

Continuing
calibration

verification
(CCV)

Daily before sample
analysis and every 12
hours of analysis time.

1. Average RF for SPCCs: VOCs > 0.30 for
chlorobenzene %ﬂ etrachlorolethane;
>0.1 for chloroan%% » bromoform, and

1,1 -dichloroe@’.

/Drift for all target compounds
és: VOCs < 20%D (Note: D =
difference when using RFs or drift when

€ast squares regression or non-linear
“ealibration).

}i 20% for CCCs only non-DoD 8260B]

DoD project level
approval must be
obtained for each of the
failed analytes or
corrective action must be
taken.

Correct problem, then
rerun calibration
verification. If that fails,
then repeat ICAL.
Reanalyze all samples
since last acceptable
CCV.

If reanalysis cannot be
performed, data must be
qualified and explained
in the case narrative.
Apply qualifier to all
results for the specific
analyte(s) in all samples
since last acceptable
CCV.

[For non-DoD 8260B, if
CCCs exceed, evaluate
all analytes for 20%D
and qualify as above]

Problem must be
corrected. Results may
not be reported without a
valid CCV. Flagging is
only appropriate in cases
where the samples cannot
be reanalyzed, holding
time has been exceeded
or client has approved
reporting.
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued)

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments
Internal standards | Every field sample, Retention time + 30 seconds from retention Inspect mass If corrective action fails, | Sample results are not
verification standard, and QC time of the midpoint standard in the ICAL or | spectrometer and GC for in field samples,& acceptable without a valid

sample. daily CCV; EICP area within -50% to +100% | malfunctions. Reanalysis | qulaifier to an% IS verification.
of ICAL midpoint standard or daily CCV. of samples analyzed associatéd W non-
while system was complia CN lagging
malfunctioning is itétia are not
mandatory. priate for failed
ds.
Method blank One per preparatory No analytes detected > %2 RL and > 1/10 the Correct problem. If o If reanalysis cannot be Problem must be
batch. amount measured in any sample or 1/10 the required, reprep and erformed, data must be | corrected. Results may
regulatory limit (whichever is greater). Blank | reanalyze method blank qualified and explained | not be reported without a
result must not otherwise affect sample and all samples pLo ed | in the case narrative. valid method blank.
results. For common laboratory with the contantinated Apply B-flag to all Flagging is only
contaminants, no analytes detected >RL/LOQ | blank. Vo &) results for the specific appropriate in cases
\ & analyte(s) in all samples | where the samples cannot
0 in the associated be reanalyzed.
A preparatory batch.
BS containing all | One per preparatory QC acceptance criteria specified by client or | .Cotreef problem, If reanalysis cannot be Problem must be
analytes to be batch. DoD (appendix G), if available. Otherwise, | then reprep and reanalyze | performed, data must be | corrected. Results may
reported, use in-house control limits. In-house contro‘Jhe BS and all samples in | qualified and explained | not be reported without a
including limits may not be greater than + 3 time the associated preparatory | in the case narrative. valid BS. Flagging is
surrogates standard deviation of the mean B batch for failed analytes, Apply Q-flag to specific | only appropriate in cases
€ if sufficient sample analyte(s) in all samples | where the samples cannot
material is available. in the associated be reanalyzed.
~ g
preparatory batch.
Matrix Spike One per preparatory Use BS criteria, above. Examine the project- For the specific For matrix evaluation

(MS)

batch per matrix (see
Box D-7).

\‘a
A('C";»
N

specific DQOs. Contact
the client as to additional
measures to be taken.

analyte(s) in the parent
sample, apply qualifier
if acceptance criteria are
not met.

only. If MS results are
outside the BS limits, the
data shall be evaluated to
determine the source of
difference and to
determine if there is a
matrix effect or analytical
error.

Matrix spike
duplicate (MSD)
or sample
duplicate

One per preparatory
batch per matrix (see
Box D-7).

@)
«\Qv

ﬁ&o’r matrix evaluation, use BS

Mptance criteria above.

MSD or sample duplicate: RPD <30% or
client specified limit (between MS and MSD
or sample and sample duplicate).

Examine the project-
specific DQOs. Contact
the client as to additional
measures to be taken.

For the specific
analyte(s) in the parent
sample, apply qualifier
if acceptance criteria are
not met.

The data shall be
evaluated to determine
the source of difference.

S’
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Table 2. Organic Analysis by Gas Chromatography/Mass Spectrometry (Methods 8260B) (continued)

QC Check Minimum Frequency Acceptance Criteria Corrective Action Flagging Criteria Comments
Surrogate spike All field and QC Surrogate WATER | SOIL For QC and field samples, Apply qualifier to a "Alternative surrogates are
samples. Dibromofluoromethane | 85-120 30-125 correct problem then associated anz}ly 6 1 fecom.mended when there
X reprep and reanalyze all acceptance critegia are is obvious
1,2-Dichloroethane-d4 85-135 75-140 failed samples for failed not met.® A»y chromatographic
Toluene-d8 85-115 | 80-120 surrogates in the “\ interference.
Bromofluorobenzene 80-120 80-125 associated preparatory N
QC acceptance criteria specified by DoD batch, if sufficient sample
(above) or Client. Otherwise, in-house material is available. If
control limits may be used. No limits obvious chromatographic
specified for Method 624. interference with 4
surrogate is prese
reanalysis may n
necessary. A
Results reported NA. NA. NA. Q’ N Apply J-flag to all
between DL and » results between DL and

LOQ

LOQ.
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13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

23

Table 3, Technical Completeness / Accuracy Checklist

Were all the QC check elements analyzed — refer to Table 2 of the SOP

Were the QC criteria met

In cases of failures, was there an NCR written

Were all manual integrations signed

Were dilution factors applied correctly

Was there supervisory approval for manual integrations on standards and QC samples
Was the data uploaded into LIMS via direct upload — if yes, then was a cross check subset of
the uploaded values performed

If the data was entered into LIMS manually, was a check of all entered values perfo

Was the red marked data in LIMS checked for accuracy and the corresponding ha r@y
data documented appropriately .

Were proper data qualifiers applied to the data in LIMS A »

. Was the hard copy package checked for completeness to include all da sequence

such that the data reviewer could reconstruct sample analyses and Vgh ¢ / approve the data

Table 4, Data Reviewers Checklist (Prior to approving data) &

13.

14.

15

Does the hard copy raw data (or electronic raw data) package,l\’k})mplete and include all
data points
Were QA objectives met and for failures were the appropm%e actions taken

. For direct uploads to LIMS, did a subset cross check mateH the raw data
16.
17.
18.
19.
20.
21.

Did all the manual entries into LIMS match the ray dat

Were there appropriate signatures and documentﬁﬁofr on the raw data

Were appropriate LIMS flags used

Were manual integrations signed \)

Were manual integrations for calibrati QC samples approved by supervisor
Were manual calculations Veriﬁed@

>

Table 5, Tuning Criteria

m/z 1red Intensity (relative abundance)
50 ($ 15 to 40% of m/z 95
75 AL 3010 60% of m/z 95
95 &\d / Base peak, 100% relative abundance
96 (, 5 to 9% of m/z 95
J Less than 2% of m/z 174
Greater than 50% of m/z 95
£ AMTS 5 t0 9% of m/z 174
N 176 Greater than 95% but less than 101% of m/z 174
S 177 5t09% of m/z 176
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Table 6, ANALYST DATA REVIEW CHECKLIST

Sample Number(s):

Batch Number(s)/Target ID:

Sequence Number/Calibration Number:

Method: 8260B/624, 8270C/8270D/625

NCR#

QA/QC Item
13. Was the autosampler tray verified against the sequence file?

2. Is the BFB/DFTPP tune performed every 12 hours and is the tuning criteria met?
For 8270 regular (not low PAH), have tailing and breakdown criteria been met?

3. Are the % RSDs within 20% or 0.995 linear corr or 0.990 quadratic COD for all
analytes in the initial calibration? Are SPCC response factor criteria met? Is recalc.

of low stds within 50%-150% (preferred). Retention times checked for compounds

with the same spectra (ex. Dichlorobenzenes). Concentrations ch
compounds with different conc. (ex. m/p-xylene, ketones,etc.).

ecked for o

(ICV) and have criteria been met (+/-20% DoD, +/-25% method)? Are SP(;C

response factor criteria met?

5. Does the Continuing Calibration Standard (CCV) meet the +20% differﬁc\e,eriteria

and IS within 50%-200% of calibration curve midpoint?
6. Is the Method Blank run at the desired frequency and is its conce
analytes less than the RL (LOD for DoD except phthalates)?

Y

Wi for target

13. Are the BS, BSD, MS, MSD within control limits and run at Qe %e:‘ired frequency?

8. Are all sample holding times met, analytes within calibr: '6\ange, IS areas within
50%-200% of CCV response and surrogate recoveries in limits?

9. Sample
concentration.
22. Data uploaded to Element with correct analystsietlected?

O

A )
Comments on any “No” re&@g

__shows calculation verified from(raw areas to final LIMS

4. Was the initial calibration curve verified by a second source calibration standar

Yes No

Y/

7

Data uploaded? Y/

Data Qualified?
<
Primary&@vehR'eView: Date:
s
Second-Level Review: Date:
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Table 7, Internal Standard Association

Anayks Intemal Standard Analyle Intarnal Slardard
1,1-Trichicroathane FlLarcbanzang 1,2 Telrachiarcethans I:IE»-C‘ll:-rD:-anIana
Ju2Triehiorc-1,2 2-nfcroathene Fluarctenzans J2-Trichiorceihans dE-Chiarcbanzans
J1-Dichiarcethang Fluarobanzars ,2,2-Trichiorcprapans dS-Chirbanzang
1,1-Dichlarcethana Fluarcharzans 1,2-Cibromcethane (ECE) dE—Chert-arEana
J1-Dilchiaroprop=na FlLarobanzars ~=-Cichikropropans dE-Chiarchanzans
~Z-Dichiorceihans Fluarobanzars -Chicfohexsans dE-Chiarchanzans
2-Dichlarcethana-d4d Fluarcbanzans 2-Haxanone dE-Chiarchanzans
1,2-Dichiorcetnansa (hla) FlLarcbanzans Bromolucrobenzens dS-Chiarchanzang
Z-Dichioropropans Fluarobanzars Bromoiorm d}cwm:-anzana ,
A-Diceane FILKnDEnzans Chifoherzens dE-Chiarcbanzans
2,2-Dichlorcpropans Fluarobanzans Chicfobenzene-ds dS-Chiarobanzans 4
2-Butancne Fluarcbenzans El:un:ln'ﬂ-:m:\n:rnedrﬂna I:IE—Chl:-rc\t-anzana
2-Chicroati| ving| athar Fluarcoanzana Eliiy | st acrylale de-Chiarcbanzans
4-Medtvd-2-pentanone Fluarcbanrans Eltre berzene d=-Chiarchanzana
Acataldefy de Fluanobanzans Xy lene dS-Chiarobanzans
Acatong Fluarctenzans Melhacryioniiria d_E--.':herbarﬂana
Acatanitle FILKnDEnzans - BN dE-Chiarcbanzans
ACrokin Fluarobanzans Shyrene dE-Chiarcbargans
Acrsdanirile Fluarobanzans Talrashloroathens dE-Chircbanzang
Ally| chioride Fluarcbanzans Taluenga _ dé--."..hbmt-anzana
Earzana Fluarcbanrans Taluene-d48 d=-Chiarchanzans
Eromcchicromethans FlLanobanzans trans-1,3-Dichioropropans dE-Chiarcbargans
Eromcdizhlcromathans Fluarobanzans Xy leras (iotal) ds-Chircbanzang
Eromomethana Fluarcbanzans 1,1,2,2 Telrachircelhans 1,4-dichlarcbarzana-dd
(CErbon dsulfids Fluarobanzans .2 2-Trichiorobanzans _d-dichlarchanzans- o4
CErbon tetrachicrida FlLarobanzars 2 4-Trichiorotanzana (d-dichiarcbanzang- a4
iChiarcethana 2 4-TrimatTy Ibenzens (d-dichiancoanzans- o4
sl = T 1.EﬂEmthmmﬁam [T dicHorcbercare- o4 |
iChloromethane FlLanobanzans ,2-Dichiorohenzens d-dichlarchanzans- o
chiaroprana Fluarobanzars S E-Trimaty Ibenzens (d-dichiarchanzans- o4
cis-1,2-Dichloraetnens Fluarobanzans F-Dichicrobenzens (d-dichiarchanzans- o4
i1, 2-DIChlorapro| A-Dichicrobenzens _d-dichlarchanzans- o4
A-Dichiorohenzene-dd. (d-dichiarcbanzans- a4
2-Chicrololusng (d-dichianchsnzana- o4
& Chlorololusng (d-dIChlGnonE s ne- o4
Bromobenzens d-dichlarchanzans- o
dz-1,4-Dichior c-2-buksng d-dichiarcoanzans- o4
Hewachiorcouladiang d-dichiarchanzans- o4
MHaphihalene A-dichlarcbanzans-dd
- Buly benzens (d-dichiarcbanzang- a4
r-Propyibenzens (d-dichianchsnzana- o4
- lsopropy Hioluens od-dlChl o N -
=ai- Buly Ib2rzana d-dichlarcbanzans- o4
fert Bulyibarzans 1. 4-dichlarcbernzana-dd
rans-1.4-Dichioro-2-biang 1.4-dichlarcbarnzana-dd

Terk-Amy| Mty Ether FlLarobanzans
Tetrarwaroiuran FILKnDEnzans
Irans-1,2-Dichiarcethana FlLrcbanzans
Trichiorogthens Fluarobanzans
Trichlarafuarcmethans FlLarobanzans
AR Fluarcbanrans
%I | chiaride FlLarcbanzang
e’
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Corvallis ASL Standard Operating Procedure

ANALYTICAL METHOD FOR THE DETERMINATION OF
VOLATILE ORGANICS IN AIR BY METHOD TO-14A/ TO-15 USING
CANISTERS AND GC/MS IN SCAN OR SIM MODE

METHOD BASED ON THE FOLLOWING SOURCE METHODS:

Preparatory Methods Analytical Methods

N/A EPA TO-14A and TO-15
APPROVED:
M M 01/18/12
Section Leader Date
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CH2Z2MHILL SOP Change Form

- Applied Sciences Laboratory (ASL)

[[] Temporary Change  Analytical Batch/SDG: Date: 03/19/12
Permanent Change Effective Date: 03/19/12 SOP No.:  AIR12
SOP Current Rev.: 13
Approved By: MAS

SOP Section Change

Add 4.6 Interference from calibration standards may result if high level standards are left on the
sampling system and open during analysis of low level client samples. SIM samples and
SCAN level standards shall never be on the same instrument at the same time.

Add to Section | Analysis of SIM samples with any SCAN level standards attached to the concentrator system
10 is not acceptable and may result in low level contamination of client samples.

GAQAQC\SOPS\DRAFT\SOP CHANGE FORMSIAIR12 MAS UPDATE.DOCX
UNCONTROLLED COPY DOC CONTROL ID: ASL902-0611



0 CH2MHILL SOP Change Form

Applied Sciences Laboratory (ASL)

[ ] Temporary Change Analytical Batch/SDG: NA Date: 02/24/12
D] Permanent Change Effective Date: 02/24/12 SOP No.:  AIR12
SOP Current Rev.: 13
Approved By: MAS

SOP Section  Change

8.1.1.1 Primary standard: 62 component mix from Scotty, part number 41973-U, 100ppbv
concentration.

8.1.1.2 Second source standard: 65 component mix from Restek, part number 34436, 1000ppbv
concentration.

LOD and LOQ | Quarterly LOD or LOQs shall not be analyzed for GCMS-R unless workload necessitates this
system be used for samples. LOD and LOQ shall continue to be analyzed annually on
GCMS-R, and the two remaining systems will maintain quarterly LOD and LOQs.

G:\SOPZ\ORG_AIR\AIR12.13 CF1.DOCX
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ANALYTICAL METHOD FOR THE DETERMINATION OF

VOLATILE ORGANICS IN AIR BY METHOD TO-14A/ TO-15 USING CANISTERS

1.0

2.0

3.0

AND GC/MS IN SCAN OR SIM MODE

SCOPE AND APPLICATION

This document provides standard operating procedures for running Methods TO-14A and TO-15 by gas
chromatograph/mass spectrometer (GC/MS) in SCAN and SIM mode at CH2M HILL's Applied Sciences
Laboratory in Corvallis, Oregon. These procedures are based upon EPA Method TO-14A and TO-15 as
published in "Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient
Air", Second Edition, January 1999 and the AFCEE QAPP, Version 3.1 & 4.0.

This method is applicable to specific Volatile Organic Compounds (VOCSs) that have been tested and deter-
mined to be stable when stored in pressurized and subambient pressure canisters.

OVERVIEW OF THE ANALYTICAL PROCESS

2.1 Client samples are collected in various formats-Summa canisters, Tedlar® bags, or other similar,
but proven, alternatives.
2.2 If necessary, or as requested, samples may be screened using a variety of other techniques such as

ECD, FID, or PID detection schemes (depending on the analyte list) to maximize sample through-
put and minimize turn around times.

2.3 Samples are pressurized as necessary, depending on other analyses being performed, the sample
canister type and the reporting limits required for each analyte.
2.4 Samples are introduced into the GC/MS system by way of a sample concentrator. The concentrator

cryogenically traps the sample onto a glass bead or adsorbent trap which allows atmospheric gases

to pass through (CO2, 02, N2, etc).

25 The glass bead trap is heated and the analytes are transferred to a cryo-focuser module. The focus-
ing module is rapidly heated and the analytes are transferred to the GC column, ultimately traveling
to the MS detector.

2.6 The data is collected on a computer that is attached to the GC/MS system and which allows calibra-
tion, data processing, reporting of samples, and data archiving.

2.7 SIM and SCAN-The MS system is capable of operating in SCAN or SIM mode, depending on ana-
Iytical or specific project requirements.

2.7.1  SCAN mode is used for more conventional TO-14A and TO-15 analysis where ppbv le-
vels of detection are required or tentatively identified compounds (TIC) are requested. In
this mode the MS scans a range of ions (typically 35-250 amu). This range contains all
ions necessary to identify and quantitate all compounds in the TO-14A & TO-15 list.

2.7.2  SIM mode is utilized when reporting limits in the pptv range are requested. In SIM mode,
the analyzer only looks at ions specific to the target compounds. Up to three ions are used
per compound, 1 for quantitation, and 1 or 2 for qualification. This allows more time to be
spent by the analyzer on each ion, which increases sensitivity at the cost of selectivity.
Because of this, it is not possible to produce TIC reports or perform a BFB tune check in
SIM mode.

2.8 After samples are analyzed, processed, and meet all acceptance criteria herein, a client report is
generated and reviewed by a peer. The report may also be reviewed by the QA officer as required
by a specific project.

TARGET ANALYTES, REPORTING LIMITS, AND DETECTION LIMITS

Standard target analytes and reporting limits for analysis in SCAN mode are listed in Table 2. Reporting

limits in SIM mode are project-specific, and are typically 50-1000 times lower than SCAN reporting limits.

3.1 The method detection limit (MDL) is defined as the minimum concentration that can be measured
and reported within a 99 percent confidence limit that the reported value is above zero. All MDL
studies will be performed following ASL SOP14, which refers to 40 CFR 136, App. B as an appli-
cable source method.
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The reporting limits (RL) shall be the lowest calibrated point on the initial calibration curve. This
limit may be raised to meet project requirements. Any results that fall between the RL and the MDL
shall be qualified as estimated indicating the variability associated with the result. Reporting limits
may increase due to dilution factors associated with pressurization of the canisters. Typically
achievable limits are as follows and are analyte dependent:

3.2.1  Highlevel Scan : 1.0 ppbv

3.2.2  SIM Mode: 20 pptv

INTERFERENCES

4.1

4.2

4.3

4.4

4.5

Contamination may occur in the sampling system if canisters are not properly cleaned before use.
Therefore, canisters are cleaned and certified ( See AIR24) before each use. Canisters that are to be
used for SIM analysis are certified by TO15 SIM to meet project specific limits-each client requires
different levels of certification and the LPM shall be consulted for each low level or SIM project.
Refer to AIR06 (SCAN cleaning) or AIR15 (SIM level cleaning) for more information.
Contamination may occur from impurities in the dilution and carrier gases and from the pump, flow
controllers, and solvent vapors in the laboratory. These sources of contamination are monitored
through analysis of method blanks.

Cross-contamination can occur whenever samples containing high VOC concentrations are ana-
lyzed. Therefore, whenever an unusually concentrated sample is encountered, the analyst uses pro-
fessional judgment when reviewing the following samples to determine whether reanalysis is ne-
cessary.

Low-level standard carryover (<1 ppbv) may occur with the Entech autosampler when a highly
pressurized calibration standard is connected to the standard port on the back of the concentrator
while samples or blanks are being run on the sample tree. Standards should be removed from the
system prior to running method blanks or samples as a precaution. This problem has been mini-
mized with regular maintenance of the 6 and 8 port valves in the Entech system, but it is still a rec-
ommended practice to remove the standard while running samples. As an added precaution, the
line can be capped when not in use to minimize contamination from ambient air.

The surrogate bromofluorobenzene should be set up with the 174 m/z ion as the primary ion and the
95m/z ion as a qualifier due to the susceptibility of ion 95 to interference from petroleum hydrocar-
bons.

SAFETY, WASTE MINIMIZATION, AND POLLUTION PREVENTION

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

All samples should be considered hazardous. Samples may include flammables, explosives, and po-
tentially carcinogenic compounds. Air samples may contain analytes outside of the normal list of
analytes within this method.

Al stock and working calibration standards, as well as all samples, shall be handled with the utmost
care using good laboratory techniques in order to avoid harmful exposure.

Appropriate protective equipment and clothing must be used under the assumption that all samples
are potentially hazardous.

The persistent presence of noxious odors may be indicative of failure of the laboratory ventilation
system and must be reported to a supervisor or manager.

Personnel are encouraged to review the Chemical Hygiene Plan for general safety policies and Ma-
terial Safety Data Sheets for reagents and standards used in the laboratory.

Static dilution stock standards and samples shall be prepared in a fume hood with adequate skin,
eye, and hearing protection provided for and used by the analysts. Any situation creating detectable
odor levels should be immediately corrected.

Safety equipment including fire extinguisher, first aid kit, eye wash, and chemical spill cleanup kit
shall be available for use at all times.

Laboratory wastes shall be separated and properly disposed complying with all federal, state, and
local regulations. All hazardous wastes shall be handled according to HAZ01, Waste Disposal.
Analysts are encouraged to reduce the amount of solvent or disposable labware waste whenever
possible. More information on this topic can be found in "Less is Better: Laboratory Chemical
Management Waste Reduction" from the American Chemical Society.

SAMPLE COLLECTION, STORAGE, HOLDING TIMES, AND PRESERVATION
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Prior to field sampling, SUMMA® steel canisters are cleaned, certified, and tested for leaks. Ca-
nisters are cleaned by alternate pressurization and evacuation during heating (see ASL SOP AIR06
for cleaning). After cleaning, the canisters are certified by EPA method TO-12 (see Canister Certi-
fication by Method TO-12, ASL SOP AIR07), by GC/MS method TO-15 (this SOP) or by GC/MS
method TO-15 SIM (this SOP).

Samples are collected and stored in SUMMA® canisters or Tedlar® bags.

Each canister received by the laboratory is checked for its overall condition. After the canister has
been logged into the LIMS system and internal chain of custody via the barcode scanner, the pres-
sure is checked with a pressure transducer. The canister valve is opened briefly and the pressure is
recorded in the initial air dilution template.

Canisters that contain samples requiring dilutions will be pressurized following the canister pressu-
rization procedure in AIR11. Pressures and dilution factors are recorded after pressurization in the
air toxics database/Excel file

The samples are stored in a secure laboratory area. There are no written method requirements for
holding times for TO-14A or TO-15 analysis. However, as the TO-15 method does state: “Most
VOCs can be recovered from canisters near their original concentrations after storage times of up to
30 days”,

ASL will default to 30 days as the standard holding time for all clients unless specified by that
client. Every effort should be made to analyze all samples within 14 days of validated time of sam-
ple receipt to meet ASL’s standard turnaround times.

Tedlar® Bag holding times are significantly shorter, although not specifically called out in method
TO-14A or TO-15. ASL will minimize the holding time of Tedlar® bags whenever possible to mi-
nimize analyte loss. Any bag samples analyzed outside of 14 days from sample collection should
be noted in the case narrative.

Samples are retained until analytical results have undergone a senior data review. After this
process, the canisters are transferred to the cleaning area, held for 10 days, evacuated and cleaned
as described in section 6.1. Sample canisters may be cleaned sooner if they are needed for other
projects, provided the LPM has given approval.

APPARATUS AND MATERIALS

7.1

7.2

7.3

7.4

Al purchasing of apparatus, materials, standards, gases, and reagents will be completed according
to the SOP on Purchasing and Receipt of Standards and Reagents SOP31.

Support equipment and instrumentation utilized in this SOP and requiring metrological compliance
either on an annual or quarterly basis can be found listed in the Metrology and Equipment Verifica-
tion matrix.

ASL has three analytical systems for TO-14A & TO-15 analysis. The systems are as follows:

7.3.1 System1 (GCMS-R) - HP5890/5972 GC/MS coupled with Entech 7100A sample concen-
trator and 16 can sample tree. This system is utilized for TO-14A / TO-15 SCAN work.

7.3.2  System 2 (GCMS-G) - Agilent6890/5973 GC/MS coupled with a Tekmar® Autocan sam-
ple concentrator system which includes a 16 can sample tree. This system is used for TO-
14A/ TO-15 SCAN and TO-15 SIM work.

7.3.3  System 3 (GCMS-AA) — Agilent7890A/5975C GC/MS coupled with a Tekmar® Auto-
can*? sample concentrator system which includes a 16 can sample tree. This system is used
for TO-14A/ TO-15 SCAN and TO-15 SIM work.

Analytical Traps are as follows:

7.4.1  The Entech system (7.1.1) utilizes two trapping systems, one for water removal and one
for analytical standard trapping. The water removal trap (Trap #1) contains glass beads,
the analytical trap (Trap #2) contains 100% Tenax. Both are ordered from Entech when
replacement is needed.

7.4.2  Tekmar system #2 (7.1.2) utilizes a 6” trap with three stationary phases: Carbopack B,
Carbopack C, and Carboxen 1000. This trap is re-packed in house when required follow-
ing the procedure outlined in Appendix A.
7.4.2.1 Suitable replacement traps in the 6” variety have not yet been found and must be

packed in house.
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7.4.3  Tekmar system #3 (7.1.3) utilizes a 12” trap with three stationary phases: Carbopack B,
Carbopack C, and Carboxen 1000. This trap is re-packed in house when required follow-
ing the procedure outlined in Appendix A.
7.4.3.1 Suitable replacement traps for the 12" Autocan model may also be ordered from
Supelco (Sigma-Aldrich) that come pre-packed. The proper trap to use is a Vo-
carb 3000 made for the Tekmar Velocity P&T system, part number 5188-2795
from Agilent. The Vocarb 4000 trap may also be used, part number 5188-2796.
GC Column — Each system is fitted with a ZB-624 60m x 0.25mm capillary column or equivalent.
Summa canisters - 6L, 5.4L, 1000mL, and 850mL sizes (or equivalent).
Tedlar® bags in various sizes as needed.
Gastite® syringes in various sizes from 25uL to 100mL with Teflon plunger and rounded needle
tip.
Static dilution bottle and associated pieces for preparation of custom standards.
Each GC/MS is interfaced to a personal computer. The computer utilizes the Agilent ChemStation
and Enviroquant software for acquisition, integration, quantitation, and storage of mass spectral da-
ta.
Each concentrator and sample tree system uses its own software for control; refer to the manufac-
turer website for more details.

STANDARDS, GASES, AND REAGENTS

Al standards are logged into the chemical inventory database upon receipt. Any standard that is prepared in
the laboratory shall be verified against current standards, or in the case of calibration standards against a
second source calibration verification standard, prior to use. This verification shall be recorded in the stan-
dard logbook.

Table 4 lists the target compound list (TCL), surrogate, and internal standard compounds and their respec-
tive concentrations.

8.1

SCAN mode calibration standards
8.1.1  Stock standards - standards are purchased as custom made mixtures in gas cylinders. Cy-
linders purchased from vendors are traceable to a National Institute of Standards and
Technology (NIST) Standard Reference Material (SRM).
8.1.1.1 Primary standard: 64-component mixture from Restek (part number 34436)
which is recertified every 12 months. This standard is 1000ppbv.

8.1.1.2 Second source standard: 62-component mixture from Scott Gases (catalog num-
ber 41973-U), which is recertified (manufacturer’s specifications) every 12
months. Stock standard is 100ppbv.
8.1.2  Supplemental list standards -When stock standards are not commercially available, stan-
dards are prepared in house using pure neat compounds and a static dilution bottle (AIR24,
Preparation of Supplemental Standards).
8.1.3  Scan mode calibration standards — Two standards are required for a calibration of all ana-
Iytes; the 62 component list standard and a supplememental standard, which is dependent
on the analyte list required.
8.1.3.1 Primary Calibration Standard —A certified summa can is evacuated and humidi-
fied with 50uL of organics free water and pressurized with exactly 228 Torr of
the primary standard (section 8.1.1.1) by direct connection through a regulator to
the standard cylinder. The canister is then pressurized to 2280 Torr with UHP ni-
trogen. This 100ppbv standard is valid for 2 months or until it repeatedly fails to
meet acceptance criteria.

8.1.3.2 Second Source Calibration Standard —A cleaned, certified summa can is humidi-
fied with 50uL of organics free water and pressurized with exactly 228 Torr of
the second source standard (section 8.1.1.2) by direct connection through a regu-
lator to the standard cylinder. The canister is then pressurized to 2280 Torr with
UHP nitrogen. This 100ppbv standard is valid for 2 months or until it repeatedly
fails to meet acceptance criteria.

8.1.3.3 Supplemental standard — After creating a static dilution bottle containing the ana-
Iytes of interest as in section 8.1.2, an aliquot is drawn into a heated syringe and
injected into a certified, evacuated 6L or 5.4L Summa canister that has been hu-
midified with 50uL of organics free water. The canister is pressurized to exactly
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2280 Torr with nitrogen. The concentration of each analyte can be calculated by
entering the required information into the controlled form SDB Template. Stan-
dards prepared in this way are valid for 2 months or until they repeatedly fail to
meet acceptance criteria.

8.1.3.4 “All-in-One” standards — To minimize canister use and simplify calibration runs,
making a single standard containing all analytes of interest is suggested. This can
be created by following the procedure in section 8.1.3.3 and pressurizing the
standard with primary or second source stock (instead of nitrogen). These stan-
dards are made on an as needed basis and the recipe may change depending on
the analyte list, concentrations required, and reporting limits needed. Standards
prepared in this way are valid for 2 months or until they repeatedly fail to meet
acceptance criteria.

SCAN mode internal standards and surrogate standards

8.2.1

Scan level internal standard/surrogate — The internal standard/surrogate mix is purchased
as a custom made mixture in a gas cylinder (50.0 ppbv for internal standards and surro-
gates). Each cylinder is prepared with bromochloromethane, 1,4-difluorobenzene, tolu-
ene-d8, chlorobenzene-d5, and bromofluorobenzene with nitrogen as the balance gas. Cy-
linders purchased from vendors are traceable to a National Institute of Standards and
Technology (NIST) Standard Reference Material (SRM). The standard expires 7 years
from its manufacture date.
8.2.1.1 Each instrument has a dedicated canister for internal standards/surrogates. Sur-
rogate and internal standards are prepared by the following procedure using clean
canisters:
8.2.1.1.1Fill the canister with UHP nitrogen and evacuate to below 100 Torr.
Repeat at least two times. Evacuate the can to below 20 Torr after the
final rinse.
8.2.1.1.2Fill the canister with stock standard to a pressure of 50 psig (65 psia) re-
sulting in ~50 ppbv standard. IMPORTANT! Do not expose the pres-
sure transducer to pressures greater than 40 psig. Use the outlet gauge
on the regulator to measure the desired pressure. This standard is good
until the expiration of the stock which is 7 years from when it was made.

SIM mode calibration standards

8.3.1

Primary calibration standard (SIM)- This standard is made from the scan mode calibration

standard in section 8.1.3.1 and diluted to a final concentration of between 25-5000 pptv

depending on the calibration scheme and reporting limits to be used. All dilutions of

working standards will have the same expiration date as the parent standards.

8.3.1.1 Primary SIM standard - To create the proper dilution froma 100 ppbv standard
inject 50uL of organics free water into a certified, evacuated 6L or 5.4L Summa
canister. Transfer 100 Torr of the primary standard into the can using a T-
connector on the transducer manifold. Pressurize the can to 2000 Torr. This is
effectively a 1:20 dilution producing a standard with a concentration of 5 ppbv.
Further dilutions can be prepared in the same manner from this standard as
needed.

8.3.1.2 Second source SIM standard — Prepared from standards in section 8.1.3.2 and di-
luted to 5 ppbv in a Summa canister as above.

8.3.1.3 When calibration standards are not commercially available as in the case of spe-
cial analyte lists, standards are prepared in house using pure neat compounds
(Air24, Preparation of Supplemental Standards). Standards are prepared at con-
centrations at or near 100pptv depending on analyte and RL requirements.

SIM mode internal standards and surrogate standards

8.4.1

8.4.2

SIM level internal standard/surrogate - The internal standard/surrogate mix is purchased as

a custom made mixture in a gas cylinder, and is the same standard as described in section

8.2.1.

Each instrument has a dedicated canister for internal standards/surrogates. SIM level sur-

rogate and internal standards are prepared by the following procedure using clean canis-

ters:

8.4.2.1 Evacuate the 15L canister to below 100 Torr and fill with nitrogen. Repeat twice
and evacuate the canister to below 50 Torr.
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8.4.2.2 Using the pressure transducer add 134 torr of 50 ppbv IS/SS stock standard and
pressurize the can to 50 psig (65 psia) with UHP nitrogen. A standard prepared
in this way will have a final concentration of 2 ppbv. This standard is good for 6
months..
The surrogate compound bromofluorobenzene is also used as the instrument performance check
standard when running in SCAN mode (the tune check compound).
Gases
The following gases are used as blanks, carrier gas, and cryogen, respectively:
8.6.1  Nitrogen — Ultra High Purity (UHP) 99.999% or “Built in Purifier” (BIP) type, if neces-
sary to meet low levels
8.6.2  Helium— UHP 99.999%
8.6.3  Liquid Nitrogen — cryogenic cooling of the concentrator module(s).
Neat materials - purchased as required for project specific analyte lists which are prepared in a stat-
ic dilution bottle. See ASL SOP AIR24, Preparation of Supplemental Standards.

QA/QC

Al reporting limits, QC frequency, and QC acceptance criteria are subject to change on a client specific ba-
Sis as requested by the client.

9.1

9.2

9.3

The instrument is tuned using Perfluorotributylamine (PFTBA)-this is generally only performed af-
ter MS cleaning and prior to instrument calibration. When tuning the 5972MS use the maximum
sensitivity autotune and save it as BFB.u in C:\hpchem\5972 when the tune is completed. Print off a
copy of the tune for future reference.
9.1.1  When tuning the 5973 Network MS use the BFB tune and save as bfb.u in
C:\MSDChem\mssetup\5973 when the tune is complete. Print off a copy of the tune for fu-
ture reference.
9.1.2  When tuning the 5975C Inert MSD use the BFB dynamic target tune and save it as bfb.u
in C:\MSDChem\mssetup\5975.
9.1.3  Tune evaluation
9.1.3.1 The EM volts and repeller should have similar results to the most recent tune, but
will vary slightly. Beyond a 10% change in values, it’s a good idea to look care-
fully at all parameters before continuing.

9.1.3.2 There should be minimal or no air leak-check this by looking at the ions at 28
(N2), 32 (02), and 44 (CO2) -the ratio of these ions to ion 69 should be below
10% for nitrogen and below 5% for oxygen and CO2.

9.1.3.3 The ISO Ratio should be close to 1 for mass 69, 4-5 for mass 219, and 9-11 for
mass 502.

When running in SCAN mode for ASL standard clients and AFCEE 4.0.01 clients, the tune is

checked every 24 hours using bromofluorobenzene (BFB). . If tune criteria can not be met (see

Table 1), then a MS hardware tune must be performed. If criteria are still not met after re-tuning,

then it may be necessary to clean the source. All maintenance shall be recorded in the instrument

log book.

9.2.1  The tune is evaluated by averaging the apical scan of the BFB peak with the two scans on
either side of it, and then background subtracting one scan from before the BFB peak. The
tune file is generated by the data analysis software using the “Tuner” menu.

9.2.2  Onsome systems, spectral averaging produces bad data due to small shifts in m/z assign-
ments between scans. In these cases a single scan at greater than half peak height may be
used for tune evaluation. Evaluation criteria can be found in Table 1.

Initial Calibration

An initial calibration curve is required to demonstrate adequate instrument performance for sensi-

tivity, linearity, resolution, and freedom from active sites.

9.3.1  Avalid initial calibration curve must be established before any samples can be analyzed.
The GC/MS is calibrated following the outline, below. Variations from this are sometimes
necessary because of reporting limits, but this is the standard scheme.

9.3.2  As the reporting limit is driven by the lowest calibration point, any lowering of the RL will
require either A) calibrating to a lower level of B) injection of more sample volume.

9.3.3  Calibration Schemes

UNCONTROLLED COPY
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The following calibration schemes have been successfully used at ASL, the actual scheme
used should be tailored to the instrument and project requirements.

High range SCAN Cal Levels (250mL normalization-System 1, 2 and 3)

Cal level - SCAN Std Concentration, Std Volume, (mL) | Concentration, ppbv
ppbv

Level 1 5.0 25 0.50

Level 2 5.0 50 1.0

Level 3 5.0 250 5.0

Level 4 100 50 20

Level 5 100 75 30

Level 6 100 125 50

Level 7 100 250 100

Low range SCAN Cal Levels (500mL normalization, System 3 — Tekmar and 6890/7890
and 5973MS)

Cal level - SCAN Std Concentration, Std Volume, (mL) | Concentration, pptv
pptv

Level 1 50 100 10

Level 2 50 200 20

Level 3 50 500 50

Level 4 5,000 (5ppbv) 50 500

Level 5 5,000 (5ppbv) 250 2,500

Level 6 100,000 (100ppbv) 50 10,000

Level 7 100,000 (100ppbv) 100 20,000

SIM Cal Levels (1000mL normalization — System 2 or 3 Tekmar and 6890/7890 and
5973MS)

Cal level - SIM Std Concentration, Std Volume, (mL) | Concentration, pptv
pptv

Level 1 50 80 4

Level 2 50 200 10

Level 3 500 40 20

Level 4 500 100 50

Level 5 500 500 250

Level 6 5000 100 500

Level 7 5000 400 2000

Level 8 5000 1000 5000

For the initial calibration a relative response factor (RRF), a relative retention time (RRT),
a mean relative response factor, and a percent relative standard deviation are calculated for
each analyte. The equations for calculating these are shown in section 11.0, Data Reduc-
tion. The RRT for each target compound must be within 0.06 RRT units of the mean RRT
for that compound. The area response of the internal standards must not vary by more
than +40% from the mean for any calibration level (Equations 1, 2, 5, and 6).
The retention time shift of the internal standards at each calibration level must be within
20 seconds of the mean retention time over the initial calibration range for each internal
standard.
After a new calibration is performed the method needs to be saved with the correct file-
name. The method name should be the date followed by the instrument letter. For exam-
ple, an ICAL performed on October 29 on GCMS-R shall be named 102909R.
Non-AFCEE
9.3.7.1 SCAN - The %RSD for all compounds must be less than 30%. Up to two com-
pounds may exceed 30 percent but may not exceed 40 %RSD (Equation 4).
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9.3.7.2 SIM - The average response factor must be less than 30% for all analytes. Other
calibrations (e.g. linear) may be used only if the project QAP or project manager
allows it (Equation 4).

9.3.8  AFCEE - The requirement is <30% RSD for all compounds. No compounds may exceed
this limit. Linear fit calibration may be used for AFCEE 4.0, but should be verified with
the LPM prior to its use.

9.3.9  Every curve should be validated against project specific criteria before analyzing samples;
there are instances that do not fit into the AFCEE or non-AFCEE requirements listed
above. Check the project file or associated QAPP first, and then with the project manager
if further clarification is required.

9.3.10 If the above requirements are not met, then a new initial calibration must be performed. If
this does not result in an acceptable initial calibration then system maintenance may be ne-
cessary.

9.3.11 Calibrations are valid for one year as long as QC continues to meet acceptance criteria.

9.3.12 In the following instances, a new calibration shall be required:
9.3.12.1 Major instrument maintenance such as cleaning the MS.
9.3.12.2 Repeated failure to pass continued calibration criteria.

9.3.13 If an analyzed sample falls above the calibrated range of the instrument, it must be diluted.

Initial Calibration Verification (ICV) - A second source standard shall be run at the end of each ini-

tial calibration to verify the calibration standard concentrations and accuracy of the calibration

curve.

9.4.1 For AFCEE 4.0 and all other samples (unless specified in a project specific QAPP), the
%D for each compound must not exceed 30% (Equation 9).

9.4.2  Samples may not be analyzed until an acceptable ICV is run.

Initial demonstration of capability (IDC) - This study must be performed prior to use of the method

by each analyst or after any significant changes to the method. An IDC study consists of four ali-

quots of standard processed through the entire analytical method.

9.5.1  Prepare and analyze four spiked blank samples that are the same concentration as one of
the calibration points, excluding the low and high levels.

9.5.2  Calculate the mean concentration found (X) in ppbv or pptv and the standard deviation of
the concentration in ppbv or pptv for each analyte using the controlled form
IDC_Template.

9.5.3  For each analyte X should be between 70% and 130% of the true value. The RSD should
be 25% or less. If the results from all analytes meet these criteria then the system and ana-
lyst performance are acceptable. If any analyte fails to meet the criteria then investigate
and correct the source of the problem and repeat the test (Equation 9).

Method Blanks — method blanks are required at a rate of one per batch or one every 24 hours, whi-

chever comes first. Some clients require a blank every 12 hours, make sure to verify with the LPM.

Method blanks are analyzed to monitor possible laboratory contamination. Laboratory method

blanks are prepared with UHP nitrogen in a 6 liter canister every day samples are to be analyzed.

The method blank is carried through the same analytical procedure as a field sample and contains

the same amount of surrogate and internal standard that are added to each sample.

9.6.1  Method blanks are analyzed by injecting the full normalized volume of nitrogen (varies by
system) into the pre-concentrator and following procedures outlined in section 10.

9.6.2  The blank must not contain any target analyte at a concentration greater than the RL and
must not contain additional compounds with elution characteristics and mass spectral fea-
tures that would interfere with identification and measurement of a method analyte at its
MDL. Generally, the blank concentration should be less than 5 times the project required
reporting limit or less than the MDL, whichever is greater. AFCEE requires that the blank
be less than the % of the reporting limit. If target analytes are found in the method blank
above the reporting limit, the source of the contamination must be considered. Usually,
re-running the blank will clear up most problems (especially if the sample run prior to the
blank was high in target analyte concentration.) If blank contamination is still present, the
analyst should perform system maintenance. Some common problems that cause a blank
to show contamination are:
9.6.2.1 Cold spots - check heated zones for failure.
9.6.2.2 Low pressure in the blank sample canister - flush and refill the canister.
9.6.2.3 Leaky valves - check all concentrator valves for spindle scoring.
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9.6.2.4 Buildup of methylene chloride in the room from extract vials. Dead samples and
waste should be stored in sealed containers and disposed of on a regular basis.

9.6.2.5 High pressure calibration standard open to the system — remove all calibration
standards from the instrument prior to running blanks and samples.

9.6.3  If the blank contamination cannot be resolved with a fresh blank or system maintenance,
contact the LPM for approval. A new blank should always be attempted before reporting a
blank with qualifiers. If approved by the LPM, the issue should be explained in the case
narrative.

Continuing Calibration Verifications (CCV) — a primary source standard analyzed at the beginning

of an analytical batch to ensure that the instrument continues to meet the instrument sensitivity and

linearity requirements originally established by the initial calibration.

9.7.1  The opening calibration verification for each compound of interest shall be verified prior
to sample analysis using the same introduction technique and conditions as used for sam-
ples. This is accomplished by analyzing one of the calibration standards used for initial ca-
libration.
9.7.1.1 Typical concentrations for calibration verification are at or below the midpoint of

the instrument calibration curve.

9.7.2  No closing calibration check is required for TO-14A/15 analysis. An acceptable calibra-
tion check standard run is good for 24 hours or 20 samples, whichever comes first.

9.7.3  The %D for each compound may not exceed 30 percent (Equation 9).

9.731

9.7.4  Failure to pass continuing calibration criteria requires reanalysis of the affected samples
after evaluation of the system and corrective action are performed. Repeated failure to
pass response factor criteria requires the performance of a new initial calibration.

Laboratory control sample (LCS) - a laboratory control sample is analyzed once per analytical

batch to determine if the entire method is in control.

9.8.1  The LCS shall be a volume of the primary calibration standard injected at or below the
midpoint of the calibration curve for each midpoint. The LCS shall be carried through the
complete analytical procedure.
9.8.1.1 Standard LCS recovery limits are 70-130% of the expected value (Equation 9).
9.8.1.2 For AFCEE the %D for each compound may not exceed 25% (Equation 9).
9.8.1.3 A LCS failing to meet acceptance criteria may be re-ran, investigated and fixed,

or given consent of the project manager. Approval of the project manager results
in failing analytes reported with qualifiers and explanation in the case narrative.

Duplicates - analysis of a duplicate is performed to determine precision. This is determined by

comparing two replicates of a randomly selected sample and expressing the results as a percentage

(Equation 10).

9.9.1 Duplicates will be analyzed on 5% or more (1 in 20) of the samples analyzed. A duplicate
must be included in every analytical batch.

9.9.2  Laboratory duplicate samples should be chosen randomly from a client batch of samples
unless they are pre-selected by the client. Analysts should rotate the client selected for la-
boratory duplicates so that precision data is collected from a wide variety of sample ma-
trices.

9.9.3  Acceptable precision will be less than 25%RPD (standard lab limit and AFCEE 4.0). A
controlled form TO15 RPD CALC must be used for calculating the RPD for LL and Scan
samples (Equation 10).

9.9.4  If duplicate results fail to meet acceptance criteria then the LPM must be notified and this
exception must be noted in the case narrative of the final report. If a duplicate fails due to
obvious system or operator error, the duplicate should be re-analyzed one time for verifi-
cation.

Internal standards — Internal standards are added to all QC and field samples to correct for analyti-

cal variability. Three ISTD compounds, bromochloromethane, 1,4-difluorobenzene and chloroben-

zene-d5, are added to each field and QC sample at a nominal concentration of 10ppbvin SCAN
mode and 100pptv in SIM mode.

9.10.1 For AFCEE 4.0 and ASL standard lab limits, an acceptable internal standard will recover
between 60-140% of the internal standard area in the most recent continuing calibration.

9.10.2 The retention time of any ISTD compound may not change more than 30 seconds from the
latest continuing calibration.
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9.10.3 Specific projects may have different ISTD criteria, verify each project’s QAP prior to
sample analysis. When ISTD results do not meet acceptance criteria, corrective action
shall be performed and samples reanalyzed. If no sample is left to analyze, discuss with
the LPM for the proper course of action.

9.11 Surrogates - Toluene-d8 and bromofluorobenzene are added to all QC and field samples. The sur-
rogate recoveries must be 70-130%. If surrogate recoveries are outside of acceptance criteria then
the sample will be reanalyzed. If reanalysis does not fix the problem then it is up to the analyst to
decide if the problem is a matrix interference or a system error. If the problem is a matrix interfe-
rence then it should be noted on the case narrative. If the problem is a system error then corrective
action should be taken and sample analysis stopped until the problem is fixed (Equation 9).

9.12 Method detection limits (MDL) - The MDL study is performed initially at method validation and
any time instrument changes/modifications affect the detection limits significantly. MDLs must be
less than or equal to one half of the reporting limit (the lowest calibration level). See SOP14 for
MDL generation details.

Limit of detection/Limit of quantitation (LOD/LOQ) - The LOD/LOQ study must be performed in

accordance with SOP32. The LOD acceptance criteria are met when the analyte is detected at 3

times the signal to noise ratio. The LOQ acceptance criteria shall be the same as those for an LCS

plus 15% of the upper control limit (UCL) and minus 15% of the lower control limit (LCL). This
study should be performed immediately after the MDL study.

9.13 Any item from this list that does not meet acceptance criteria needs to be clearly documented on a
corrective action form and submitted to the QA officer. The problem(s) should be fixed and the in-
strument shown to run properly before any further analysis is performed. Failing QC parameters
such as surrogate failures, or blank spike/matrix spike failures will require communication with the
laboratory project manager, as well as a corrective action report. Samples may need to be re-
analyzed depending on project requirements. For each failure to meet the acceptance criteria above,
the laboratory project manager should be consulted to determine the proper course of action via
contact with the client.

9.14 Uncertainty - The uncertainty of measurements shall be calculated by following SOP30.

9.15  Sources of Error —

9.15.1 The major source of error may arise in the concentrator system. The sample concentration
process requires a clean system with optimally operating components in place along the
sample pathway. This requires constant and vigilant maintenance of all systems.

9.15.2 Improper preparation of static dilution bottle for primary and secondary standards along
with the preparation of primary and secondary cocktail solutions. In most cases this can
be verified with multiple sources of standards.

9.15.3 Miscalculating dilutions for samples or injecting the incorrect amount of standard or sam-
ple via the auto-can. An uncalibrated mass flow-controller may be the issue.

9.15.4 Using the incorrect GC/MS or auto-can method.

10.0 PROCEDURE

10.1
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11.0 DATAREDUCTION

111 Calculations

1111

1112

11.1.3

Relative response factor: For the initial calibration, a relative response factor (RRF) is
calculated for each analyte in each concentration level. The RRF is the ratio of amount of
analyte in the compound to the amount of internal standard injected. The formula for cal-
culating the RRF is shown in equation 1.

AXxCis

RRF = — equation 1
AisCx

Where: RRF = relative response factor
Ax = area of the primary ion for the compound to measured.
Ais = area of the primary ion for the internal standard
Cis = concentration of internal standard spiking mixture (ppbv)

Cx = concentration of the compound in the calibration standard (ppbv)
Mean Relative response factor: Based on the RRFs calculated in equation 1, a mean rela-
tive response factor for each analyte is calculated. The mean RRF is the average of all
RRFs for an analyte. The formula for calculating the mean RRF is shown in equation 2.

RRF=Y %G equation 2

Where: RRF = mean relative response factor

Xi RRF of the compound

n number of points in the curve
Percent Relative Standard Deviation (%RSD): Based on results from equations 1 and 2
above, the percent relative standard deviation (%RSD) is calculated for each analyte. The
%RSD is the ratio of the standard deviation (SD) of all RRFs for an analyte to the mean
RRF for that analyte. The formulas for calculating %RSD and SD is shown in equations 3
and 4.
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N { REFi-RRF .
SDRRF = El — w1 ecpuation 3
And
sD
%RSD = —EEF 4100 eration 4
EEF

Where: RRF = mean of initial relative response factors (per compound).
SDrrf=standard deviation of initial response factors (per compound)
RRFi= relative response factor at a concentration level
N = number of points in the curve (usually 6)
Relative Retention Times (RRT): Calculate the RRTSs for each target compound over the
initial calibration range using equation 5.

equation 5

Where: RTc = retention time of target compound, seconds

RTis = retention time of internal standard, seconds
Mean of the Relative Retention Times (RRT): Calculate the mean of the relative reten-
tion times for each analyte over the whole calibration using equation 6.

—_— N RRT
RRT = >
=1 n

equation 6

Where: RRT= Mean relative retention time for the target compound for each initial ca-
libration standard
RRT = Relative retention time for the target compound at each calibration level
The RRT for each target compound at each calibration level must be within 0.06 RRT
units of the mean RRT for the compound.
Mean Area Response (Y ) for Internal Standard: Calculate the mean area response for
each internal standard over the whole calibration range using equation 7.

— n Yi .

Y =>— equation 7
iI=1 n

Where: Y Mean area response

Y Area response for the primary quantitation ion for the internal standard
for each initial calibration standard

The area response Y of each calibration level must be within the 40% of the mean re-
sponse Y of the whole calibration.

Mean Retention Times (RT): Calculate the mean retention times for each internal stan-
dard over the initial calibration range using equation 8.

— N RTi -

RT = >, equation 8
=1 n

Where: RT = Mean retention time, seconds

RT Retention time for the internal standard for each initial calibration,

seconds.
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For the second source calibration verification, continuing calibration, LCS and ISTD a
percent difference (%D) is calculated. For example, the %D is the ratio of the difference
between the RRF in the continuing calibration and the mean RRF in the initial calibration.
The formula for calculating %D is shown in equation 9.

RRFc — RRFi
——X
RRFi

%D =

100 equation 9

Where: RRFi= mean RRF of the compound in the most recent initial calibration.
RRFc= RRF of the compound in the continuing calibration standard

Duplicate analysis is performed to determine precision. This is determined by comparing

two replicates of the same sample and expressing the results as a percentage.

| X—-Y| .
%RPD = ———=x200 eqguation 10
(( +Y
Where: X = first measured value
Y = second measured value

Surrogate recovery (%REC):

%REC = observed value x 100
true value

11.2 Qualitative Analysis

1121

11.2.2

Client requested compounds should be identified by an analyst competent in the interpreta-
tion of mass spectra by comparison of the sample mass spectrum and the spectrum of a
standard of the suspected compound. Two criteria must be satisfied to verify the identifi-
cations. If either of these criteria are not met, analyst judgement must be used to deter-
mine the presence of a compound If it is not possible to confirm the compounds presence,
that compound should be reported as a non-detect.
11.2.1.1 Condition #1: elution of the analyte at the same retention time as the correspond-
ing standard component. The RT of each internal standard must be £0.33 min.
fromthe RT in the most recent calibration check or curve. Target analytes must
be +0.06 RRT units of the RRT of the most recent calibration.
11.2.1.2 Condition #2: correspondence of the sample component and standard component
mass spectra. One, two, or three ions are picked for each compound and used as
qualifying ions. The relative abundance of these ions to the target ion for that
compound are compared to the ratios determined from the initial calibration. All
ratios that differ by more than 20% will be automatically flagged on the instru-
ment print out and need to be examined more closely. The analyst should visual-
ly examine the spectra and determine if the poor qualifying ratio was caused by
interference.
When requested a library search is executed for all non-target sample components for the
purpose of tentative identification (SCAN mode only). For this purpose, the most recent
release of the NIST spectral library shall be used. Computer generated library search rou-
tines that would misrepresent the library or unknown spectra when compared to each oth-
er, must not be used. Compounds greater than a reporting limit of 1 times the dilution fac-
tor that can be tentatively identified via a library search can be reported, provided the
match quality is 50% or greater. Non-target compounds that are identified are referred to
as Tentatively Identified Compounds (TIC). TICs are quantified by the internal standard
method. TIC concentration is calculated using the formula in equation 11.

AXxCisDF

TIC Concentration=—""" equation 11
AisRRF
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Where: RRF = 1
Ax = area of the TIC peak
Ais = internal standard area for the nearest ISTD
Cis = 10 ppbv (Internal standard concentration)
DF = dilution factor

Quantitative Analysis

Target Compounds identified are quantified by the internal standard method using the peak area of
the characteristic ions of target analytes. The mean relative response factor (RRF) from the initial
calibration analysis is used to calculate the concentration in the sample. The equation for determin-
ing concentration is shown in equation 12.

AxCisDF
TC Analyte Concentration= ——— equation 12
AisRRF
Where: RRF = mean response factor from the initial calibration.
Ax = area of the characteristic ion for the compound to be measured
Ais = area of the characteristic ion for the specific internal standard
Cis = concentration of the internal standard spiking mixture (ppbv)
DF = dilution factor

DOCUMENTATION

12.1

12.2

12.3

Data review and laboratory checklist

Sample data must be reviewed with the associated quality control data. The following checklist
should be consulted before releasing sample results.

12.1.1 Valid initial calibration

12.1.2 Valid continuing calibration

12.1.3 Valid tune

12.1.4 Valid method blank

12.1.5 Valid internal standard and surrogate recoveries

12.1.6 Positive samples double checked for interpretation

12.1.7 Results corrected for dilutions

12.1.8 Results adjusted for interferences/chemical noise

12.1.9 Valid qualifying ion ratios

12.1.10 Good chromatography

12.1.11 Valid manual integrations. In the event manual integrations are necessary, the raw data is
to be signed by the analyst before any manual integrations; after re-integrating, the raw data must
be signed by both the analyst and a peer reviewer (refer to ASL SOP26 for proper manual integra-
tion technique). In the case of a calibration or calibration verification sample needing manual inte-
gration, the raw data must be signed by the peer reviewer and the QA officer before being consi-
dered valid for use.

Data reporting

12.2.1  Analytical results are summarized from the raw data. The appropriate deliverables are
produced using Microsoft Access, Microsoft Excel and Microsoft Word software. Sample
results are reported without blank subtraction. TCL concentrations (including the report-
ing limits) should be reported with a maximum of three significant figures.

12.2.2 The case narrative will summarize any analytical or documentation exceptions along with
the quality of the QC results.

12.2.3  All reports are reviewed and signed by a peer before delivery to the client.

GC/MS data deliverables

12.3.1 Referto ASL SOP35 and SOP36 for details on using the reporting tools available at the
Applied Sciences Lab.

12.3.2 Three different levels of QC documentation are available to meet the needs of the client.
Refer to the ASL Quality Assurance Program Manual for details on Level 2, Level 3 and
Level 4 deliverables.
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13.3 CH2M HILL Applied Sciences Laboratory standard operating procedures referenced and linked to
in this document: ALL SOPs listed within this document.

13.4  AFCEE Quality Assurance Program Plan, Version 3.1 and 4.0.

DEFINITIONS

141
14.2
14.3
144
145
14.6
14.7
14.8
14.9
14.10
14.11
14.12
14.13
14.14
14.15
14.16
14.17
14.18

14.19

14.20

14.21

14.22

14.23

14.24

ASL — Applied Sciences Laboratory

CVO - Corvallis, OR

NELAC — National Environmental Laboratory Accreditation Conference

NELAP — National Environmental Laboratory Accreditation Program

OFW - organic-free water

QA/QC - Quality Assurance/Quality Control

QA — Quality Assurance

QC — Quality Control

SCAN — Mode of MS operation in which the instruments scans a range of specified ions.

SIM — Mode of operation in which only specific target compound’s ions are scanned

SOP — Standard Operating Procedure

IDC — Initial Demonstration of Capability

RSD — Relative Standard Deviation

%D — Percent Difference

LCS - Laboratory Control Standard

QAP — Quality Assurance Plan

LCSD - Laboratory Control Standard Duplicate

Internal Standard (IS) — A pure analyte(s) added to a sample, extract, or standard solution in known
amount(s) and used to measure the relative responses of other method analytes and surrogates that
are components of the same sample or solution. The internal standard must be an analyte that is not
a sample component.

Surrogate Standard (SS) — A pure analyte(s), which is extremely unlikely to be found in any sam-
ple, and which is added to a sample aliquot in known amount(S) before extraction or other
processing and is measured with the same procedures used to measure other sample components.
The purpose of the SS is to monitor method performance with each sample.

Laboratory Duplicates (Dup) — Two aliquots of the same sample taken in the laboratory and ana-
lyzed separately with identical procedures. Analyses of duplicates indicates precision associated
with laboratory procedures, but not with sample collection, preservation, or storage procedures.
Field Duplicates (FD) — Two separate samples collected at the same time and place under identical
circumstances and treated exactly the same throughout field and laboratory procedure. Analyses of
Duplicates gives a measure of the precision associated with sample collection, preservation and sto-
rage, as well as with laboratory procedures.

Laboratory Replicates — An aliquot of sample is taken in the laboratory and prepared. The prepared
sample is then analyzed twice. Laboratory replicates indicate precision associated with instrumen-
tation and not sample preparation. For some test methods, a laboratory duplicate and a laboratory
replicate may be the same thing.

Laboratory Reagent Blank (WB1, SB1, XB1) — An aliquot of reagent water or other blank matrix
that is treated exactly as a sample including exposure to all glassware, equipment, solvents, rea-
gents, internal standards, and surrogates that are used with other samples. The blank is used to de-
termine if method analytes or other interferences are present in the laboratory environment, the rea-
gents, or the apparatus.

Trip Blank (TB) — An aliquot of reagent water or other blank matrix that is placed in a sample con-
tainer in the laboratory and treated as a sample in all respects, including shipment to the sampling
site, exposure to sampling site conditions, storage, preservation, and all analytical procedures. The
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purpose of the TB is to determine if method analytes or other interferences are present in the field
environment.

Calibration Check Verification (CCV, CCC) — A solution of one or more compounds (analytes, sur-
rogates, internal standard, or other test compounds) used to evaluate the performance of the instru-
ment system with respect to a defined set of method criteria.

Blank Spike (BS1W, BS1S) — An aliquot of reagent water or other blank matrix to which known
quantities of the method analytes are added in the laboratory. The BS is analyzed exactly like a
sample, and its purpose is to determine whether the methodology is in control, and whether the la-
boratory is capable of making accurate and precise measurements.

Stock Standard Solution (SSS) — A concentrated solution containing one ore more method analytes
prepared in the laboratory using assayed reference materials or purchased from a reputable com-
mercial source.

Primary Standard Solution (PSS) — A solution of several analytes prepared in the laboratory from
stock standard solutions and diluted as needed to prepare calibration solutions and other needed
analyte solutions.

Calibration Standard (CAL) — A solution prepared from the primary standard solution or stock
standard solution and the internal standards and surrogate analytes. The Cal solutions are used to
calibrate the instrument response with respect to analyte concentration.

Initial Calibration Verification (ICV) — A solution of method analytes of known concentrations
which is used to fortify an aliquot of WB1 or sample matrix (MS). The ICV is obtained from a
source external to the laboratory and different from the source of calibration standards. It is used to
check laboratory performance with externally prepared test materials.
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Table 1: BFB Instrument Performance Check lon Abundance Criteria

Tables

m/e lon Abundance Criteria
50 15.0 - 40.0% of m/e 95
75 30.0 - 60.0% of m/e 95
Base peak, 100% relative abun-
95 dance
96 5.0 - 9.0% of m/e 95
173 Less than 2% of m/e 174
174 >50.0 of m/e 95
175 5.0 - 9.0% of m/e 174
176 95.0 - 101.0% of m/e 174
177 5.0 - 9.0% of m/e 176
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Table 2: Scan/Sim Method Analytes

SOP No.: AIR12.13
Revision: 13
Date: DEC 2011
Page: 21 of 28

Typical Scan Level*

CAS Reporting limit
Standard Analytes Number ppbv
Propylene 115-07-1 1.0
Dichlorodifluoromethane 75-71-8 1.0
Chloromethane 74-87-3 1.0
1,2-Dichloro,1,1,2,2-tetrafluoroethane | 76-14-2 1.0
Vinyl chloride 75-01-4 1.0
1,3-butadiene 106-99-0 1.0
Bromomethane 74-83-9 1.0
Chloroethane 75-00-3 1.0
Trichlorofluoromethane 75-69-4 1.0
Ethanol 64-17-5 1.0
Acrolein 107-2-8 1.0
Isopropyl alcohol 67-63-0 1.0
Acetone 67-64-1 1.0
1,1-Dichloroethene 75-35-4 1.0
Methylene chloride 75-09-2 1.0
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 1.0
Carbon Disulfide 75-15-0 1.0
trans-1,2-Dichloroethene 156-60-5 1.0
Methyl-tert-butyl ether 1634-04-4 1.0
1,1-Dichloroethane 75-34-3 1.0
Vinyl Acetate 108-05-4 1.0
Hexane 110-54-3 1.0
Methyl ethyl ketone 78-93-3 1.0
cis-1,2-Dichloroethene 156-59-2 1.0
Ethyl acetate 141-78-6 1.0
Tetrahydrofuran 109-99-9 1.0
Chloroform 67-66-3 1.0
1,2-Dichloroethane 107-06-2 1.0
1,1,1-Trichloroethane 71-55-6 1.0
Cyclohexane 110-82-7 1.0
Carbon tetrachloride 56-23-5 1.0
Benzene 71-43-2 1.0
Heptane 142-82-5 1.0
1,2-Dichloropropane 78-87-5 1.0
Trichloroethene 79-01-6 1.0
1,4-dioxane 123-91-1 1.0
Bromodichloromethane 75-27-4 1.0
cis-1,3-Dichloropropene 10061-01-5 1.0
Methyl isobutyl ketone 108-10-1 1.0
trans-1,3-Dichloropropene 10061-02-6 1.0
1,1,2-Trichloroethane 79-00-5 1.0
Toluene 108-88-3 1.0
1,2-Dibromoethane 106-93-4 1.0
2-Hexanone 591-78-6 1.0
Tetrachloroethene 127-18-4 1.0
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Dibromochloromethane 124-48-1 1.0
Chlorobenzene 108-90-7 1.0
Ethylbenzene 100-41-4 1.0
m,p-Xylenes 108-38-3/1 2.0
Bromoform 75-25-2 1.0
Styrene 100-42-5 1.0
0-Xylene 95-47-6 1.0
1,1,2,2-Tetrachloroethane 79-34-5 1.0
n-propylbenzene 103-65-1 1.0
4-ethyltoluene 622-96-8 1.0
1,3,5-Trimethylbenzene 108-67-8 1.0
1,2,4-Trimethylbenzene 95-63-6 1.0
bis(2-chloroethyl)ether 111-44-4 1.0
Benzyl Chloride 100-44-7 1.0
1,3-Dichlorobenzene 541-73-1 1.0
1,4-Dichlorobenzene 106-46-7 1.0
1,2-Dichlorobenzene 95-50-1 1.0
n-butylbenzene 104-51-8 1.0
his(2-chloroisopropyl)ether 108-60-1 1.0
1,2,4-Trichlorobenzene 120-82-1 1.0
Hexachlorobutadiene 87-68-3 1.0
Naphthalene 91-20-3 1.0
2-methyl naphthalene 91-57-6 1.0

*RL is after required canister dilution.
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Table 3: Typical Stock Standards

Formal Name CAS# Merck # Conc. ppbv
Dichlorodifluoromethane 75-71-8 3048 100
Chloromethane 74-87-3 5918 100
1,2-Dichloro-1,1,2,2-
tetrafluoroethane 1320-37-2 100
Vinyl chloride 75-01-4 9796 100
Bromomethane 74-83-9 3720 100
Chloroethane 75-00-3 3729 100
Trichlorofluoromethane 75-69-4 9453 100
1,1-Dichloroethene 75-35-4 9798 100
Methylene Chloride 75-09-2 100
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 100
1,1-Dichloroethane 75-34-3 3756 100
cis-1,2-Dichloroethene 156-59-2 87 100
Chloroform 67-66-3 2111 100
1,2-Dichloroethane 107-06-2 3743 100
1,1,1-Trichloroethane 71-55-6 449 100
Benzene 71-43-2 1063 100
Carbon Tetrachloride 56-23-5 1799 100
1,2-Dichloropropane 78-87-5 7755 100
Trichloroethylene 79-01-6 100
cis-1,3-Dichloropropene 10061-01-5 3059 100
trans-1,3-Dichloropropene 10061-02-6 3059 100
1,1,2-Trichloroethane 79-06-5 9450 100
Toluene 108-88-3 9357 100
1,2-Dibromoethane 106-93-4 5934 100
Tetrachloroethylene 127-18-4 9017 100
Chlorobenzene 108-90-7 2090 100
Ethylbenzene 100-41-4 3714 100
m,p-Xylene 1330-20-7 9890 200
Styrene 100-42-5 8732 100
1,1,2,2-Tetrachloroethane 79-43-5 9016 100
0-Xylene 95-47-6 9890 100
1,3,5-Trimethylbenzene 108-67-8 5752 100
1,2,4-Trimethylbenzene 95-63-6 7816 100
1,3-Dichlorobenzene 541-73-1 3039 100
1,4-Dichlorobenzene 106-46-7 3041 100
1,2-Dichlorobenzene 95-50-1 3040 100
1,2,4-Trichlorobenzene 120-82-1 9443 100
Hexachlorobutadiene 87-68-3 100
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Table 3 Continued:

Formal Name CAS # Conc. ppbv
Surrogate
Toluene-d8 2037-26-5 50
Bromofluorobenzene 460-00-4 50
Internal Standard
Bromochloromethane 74-97-5 50
1,4-Difluorobenzene 540-36-3 50
Chlorobenzene-d5 3114-55-4 50

Table 4: General GC and MS Operating Conditions

Chromatography
ZB-624, 60m 0.25 mm 1.D. (or
Column equivalent)
Helium 1 mL/min — constant
Carrier Gas flow

SOP No.:
Revision:
Date:
Page:

Temperature Program

Initial Temperature 40C
Initial Time 9.0 min
Final Time
Level Rate (°C/min) Final Temp (°C) (min)
1 12 190 0
2 6 255* 0

Total run time — 32.33 (parameters taken from SCAN_RUN1.M, GCMS-AA)

* Max temp. depends on column used.
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Figure 1
AIR TOXICS LABORATORY
INSTRUMENT LOG SHEET
GC/IMS-R
LINEj DATE CLIENT | BY | DIRECTORY LAB CONC.| SAMPLE DF FIELD GC/ MS ENTECH COMMENTS
No. 1D POS. | VOLUME ID. METHOD | NAMELIST
1
2
3
4
5
6
7
8

Figure 1. A scanned copy of logbook page. Each logbook is assigned a controlled ID number.
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Appendix A

Tekmar Trap Re-packing Procedure

For the 6 inch Trap system connected to GCMS-G, the following trap preparation should be followed

1.

2.

Carefully remove the trapping material from an old trap, taking care not to scratch the inside of the tube.
Wash the tube with methanol and deionized water and bake it in a 100° C oven for 30 minutes.

Insert a 1cm plug of quartz wool in the front of the trap (the end with the 1/8” swage nut is the front, this is
the side that samples load into). Leave 2 cm of empty space on the front end.

Pour 0.033 grams of Carbopack C (Supelco, part #10257) in the back of the trap and very lightly pack it by
tapping on the counter/table. Repeat with 0.057 grams of Carbopack B (Supelco, part #20273).

Place a small plug of quartz wool behind the Carbopack B and then load 0.078 grams of Carboxen 1000
(Supelco, part #10478-U) into the trap. Pack lightly. The purpose of the quartz wool plug is to keep the
lower-efficiency Carbopack B from mixing with the high-efficiency Carboxen 1000.

Place a 1cm plug of quartz wool in the back of the trap. Check to see that there is 2-3cm of empty space left
in the back end of the trap.

Attach the trap to the pressurization manifold and, using a Gilibrator, measure the trap’s resistance to flow.
This is accomplished by carefully raising the pressure on the front of the trap and measuring the flow out the
back until it reaches ~100 mL/min. If this pressure is greater than 1000 Torr the trap is packed too tightly
and should be remade.

When making 12" traps for the Autocan connected to GCMS-A, note that these traps-although 6" longer-
contain exactly the same aliquot of trap material as the 6" traps.
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CHANGE HISTORY

Changes made in revision 9
This is a comprehensive update involving every SOP section. Some of the highlights are as follows.

11
1.2
1.3
14
15
1.6

This revision of the SOP combines TO-14A and TO-15 methods into one document.
Sample equipment listing updated and clarified.

Filename conventions and data handling have been updated.

Primary standards and holding times have been updated.

The current ways of handling sample dilutions has been added.

Added Appendix A, Tekmar trap repacking process.

Changes made in revision 10
Small update reflecting modest changes.

2.1
2.2
2.3

24

Changed expiration dates on calibration standards to two months, up from one month.

Updated the appendix discussion on packing new traps for the Tekmar units.

Updated Section 3.2 to reflect AFCEE 4.0 RL for SCAN level samples of 0.50ppbv, down from the
1.0ppbv previously listed.

Updated Tables in Section 9.2.5 to reduce number of cal standards run on each instrument.

Changes made in revision 11
Small update to comply with DOD criteria.

3.1
3.2
3.3
3.4

3.5

3.6
3.7
3.8
3.9

3.10
3.11
3.12
3.13
3.14
3.15
3.16

Changed front page to replace QA officer signature with technical lead signature.

Added reference in 7.0 to the purchasing SOP.

Added reference in 7.0 to metrology and equipment verification matrix.

Added the following to section 8.0: Any standard that is prepared in the laboratory shall be verified
against current standards, or in the case of calibration standards against a second source calibration
verification standard, prior to use. This verification shall be recorded in the standard logbook.
Changed section 8.0 that explains where standards are logged into. They are no longer logged into
a notebook but into the chemical inventory database.

Added a discussion on manual integrations to section 12.

Added information about uncertainty and updated sources of error to section 9.

Added sentence to Table 2 about client specified RL.

Added a statement of what happens when a sample falls outside the calibrated range of the instru-
ment.

Added a discussion to 9.6 regarding rerunning a blank versus reporting with qualifiers.

Added a discussion to 9.8 regarding rerunning the LCS versus reporting with qualifiers.

Removed the injection of 50 uL milli-pore water to blank can in section 9.6.

Added a caption to Figure 1.

Added reference to RPD controlled form.

Fixed section 7 numbering.

Added SOP30 to references.

Changes made in revision 12
Small update to address internal audit concerns and new internal standard.

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
411
412

Adjusted preparation, expiration, and values of internal standard throughout.
Added the use of 5.4L Summa canisters.

Removed use of written logbook for sample receipt and changed to internal COC in section 6.3.
Removed natification of client for early canister cleaning in section 6.8.
Changed the range of SIM standards in section 8.3.1.

Updated instrument and GC column ID’s in section 7.5.

Removed daily leak check from section 10.

Updated current Tune methods in section 9.1.

Changed gas type for N2 and He from grade 5 to UHP in section 8.6.
Changed file locations to hyperlinks.

Updated formatting and layout in all tables.

Added references to equations throughout the text.

Changes made in revision 13
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51 Removed all references to Method TO-12

5.2 Added Hyperlinks to all SOP, CHP, and QAP references.

5.3 Added new cover page

5.4 Updated SIM calibration scheme table to reflect new 8 level calibration scheme

55 Corrected BFB Tune table

5.6 Updated sections 8.2.1 and 8.2.1.1.2 to reflect internal standard expiration date of 7 years.
5.7 Removed references to AFCEE3.0

58 Updated SCAN RL’s to 1.0ppvb

59 Changed MDL statement to reflect new MDL/SDL/LOD policies.

5.10 Updated the tune information for GC/MS-G from Stune to BFB tune.
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1. Project Background

This field sampling plan (FSP) was prepared for the U.S. Army Corps of Engineers (USACE)—Kansas City District
under Contract No. W912DQ-11-D-3005. The FSP describes the field activities and procedures that will be
performed as part of a remedial investigation (RI) for Operable Unit (OU) 2—Vapor Intrusion Pathway.

1.1 Site History and Contaminants

The Executive Summary and Worksheet #10 (Conceptual Site Model) of the Uniform Federal Policy—
Quality Assurance Project Plan (UFP-QAPP) describes the site history and contaminants.

1.2 Site-specific Definition of Problems

Worksheet #11 (Project/Data Quality Objectives) of the UFP-QAPP presents the site-specific definition of
problems and associated data quality objectives.
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2. Project Organization and Responsibilities

Section 2 identifies the principal members of the project team and subcontractors for the Rl activities.

Table 2-1 specifies the team members and their contact information.

TABLE 2-1
Contact Information

Field Sampling Plan—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Address

Name Organization Telephone/Fax E-mail
Jonathan Harrington ~ U.S. Army P 210-466-1719 jonathan.harrington2.civ@mail.mil
Project Manager Environmental C210-793-7917
Command
Josephine Newton- USACE- P 816-389-3912 josephine.M.Newton-
Lund Kansas City F 816-389-2008 Lund@usace.army.mil
Project Manager District

Dave Moore 88th Regional P 608-388-0366 david.moore31@usar.army.mil
Chief, Support F 608-388-0607
Environmental Command C612-713-3822
Division (RSC)
Barry McFarland 88th RSC P 316-681-1759 barry.l.mcfarland2.ctr@mail.mil
Environmental (J.M. Waller) F 316-652-2324
Protection Specialist €316-616-8649
Chris English CH2M HILL P 314-335-3012 chris.english@ch2m.com
Project Manager F 314-421-3927
C 314-749-1550
Tony Swierczek CH2M HILL P 314-335-3043 aswiercz@ch2m.com
Assistant Project F 314-421-3927
Manager C 618-550-1244
Loren Lund CH2M HILL P 208-357-5351 loren.lund@ch2m.com
Toxicologist and C208-821-1932
CH2M HILL Vapor
Intrusion (VI) and
Human Health Risk
Assessment Practice
Leader
Glynn Roberts CH2M HILL P 314-335-3038 glynn.robertst@ch2m.com

Field Team Leader
and

Site Safety
Coordinator

ES120313193830MKE

F 314-421-3927
C314-324-4161

U.S. Army Environmental
Command SFIM-AEC-CD
Building W2264

2450 Connell Road

Fort Sam Houston, TX 78234-
7664

USACE

CENWK-PM-EP

601 East 12th Street
Kansas City, MO 64106

88th RSC
60 South O Street
Ft. McCoy, WI 54656

88th RSC

3130 George Washington
Boulevard

Wichita, KS 67210

CH2M HILL

1034 South Brentwood
Boulevard,

Suite 2300

St. Louis, MO 63117

CH2M HILL

1034 South Brentwood
Boulevard,

Suite 2300

St. Louis, MO 63117

CH2M HILL
787 East 1500 North
Shelley, ID 83274

CH2M HILL

1034 South Brentwood
Boulevard,

Suite 2300

St. Louis, MO 63117
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FIELD SAMPLIING PLAN

TABLE 2-1

Contact Information

Field Sampling Plan—RI/FS Activities for Operable Unit 2 (Vapor Intrusion Pathway)
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri

Name Organization Telephone/Fax E-mail Address
Mark Orman CH2M HILL P 414-847-0597 mark.orman@ch2m.com CH2M HILL
Health and Safety C414-712-4138 1034 South Brentwood
Manager Boulevard,
Suite 2300

St. Louis, MO 63117

2.1 U.S. Army Corps of Engineers

USACE-Kansas City District is responsible for overall project administration, including contracting and
procurement, submittals management, cost and schedule management, and investigation oversight.
Josephine Newton-Lund is the project manager responsible for overall project management. Ms. Newton-Lund
will coordinate project matters with CH2M HILL and with other USACE team members and stakeholders, as
appropriate.

2.2 Contractor

CH2M HILL has been selected as the environmental contractor responsible for implementation of the work, as
defined in the Scope of Work (USACE 2012) and described herein. CH2M HILL will provide the necessary
resources to execute the defined scope consistent with the Scope of Work.

Chris English will serve as the project manager and the USACE-certified construction quality management
officer. The project manager is responsible for administering the project and ensuring that sufficient resources
are available, including experienced and qualified personnel, and the overall implementation of this plan.

As the construction quality management officer, he will be responsible for total project quality and
administration of the UFP-QAPP.

Anthony Swierczek will serve as the assistant project manager and will assist the project manager, as needed.
Other key CH2M HILL personnel include Dr. Loren Lund as the toxicologist and vapor intrusion (VI) and human
health risk assessment subject matter expert, Doug Scott as the senior chemist, Shane Lowe as the project
chemist, and Susanne Borchert as the independent technical review team leader. Other CH2M HILL personnel
include Glynn Roberts who will serve as the field team leader (FTL) and site safety coordinator for field activities.

2.3 Subcontractors

CH2M HILL will procure subcontractors and suppliers. Subcontractors will be evaluated during the
procurement process with respect to safety records, cost, experience, qualifications, and available resources.
Anticipated subcontractor needs include the following:

e Drilling services

e Surveying services

e Investigation-derived waste (IDW) disposal services
e Offsite analytical services
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3. Project Scope

An Rl will be conducted at the site following the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) response process for contaminated sites. The investigation objectives of the Rl are
presented in the Executive Summary and the data quality objectives are presented in Worksheet #11 of the
UFP-QAPP. The Rl will be performed in general conformance with U.S. Environmental Protection Agency
(USEPA) CERCLA guidance.

3.1 Task Description

The project team will conduct various field activities as part of the Rl to determine if site-related volatile
organic compounds (VOCs) in shallow groundwater north of the former Hanley Area could contribute to VI at
offsite residences and evaluate if further action is warranted. The Rl will include the following:

e |nstalling and developing colocated shallow and deep monitoring well pairs
e Surveying of newly constructed wells

e Groundwater sampling from existing and newly installed monitoring wells
e Installing subslab soil gas sample probes

e Collecting tunnel air, subslab soil gas, indoor air, and outdoor air samples

e Managing IDW

3.2 Applicable Regulations/Standards

3.2.1 Site Access

The former Hanley Area is owned by the 88th RSC. The site is adjacent to the north end of the Sverdrup

U.S. Army Reserve Center located at 4301 Goodfellow Boulevard in St. Louis, Missouri. Goodfellow Boulevard
runs along the eastern boundary of the site, and Stratford Avenue runs along the northern boundary. The site
perimeter is surrounded by a chain-link fence and is accessible through a gate on the south side through the
U.S. Army Reserve Center’s property. Site access will be coordinated through a representative from the

88th RSC located within the U.S. Army Reserve Center. The north part of the former Hanley Area is also
accessed through a gate and will also be coordinated as necessary through the same representative from the
88th RSC.

Residential properties are located north of the site, and a property occupied by Job Corps is located adjacent
to the west boundary of the site. Rl work requiring access to these properties will be coordinated by USACE
with property owners prior to mobilization.

3.2.2 Work Hours

Site work will be conducted during daylight hours. Site work on or close to residences requiring the use of
heavy machinery (drill rigs) will be completed during time periods agreed upon by property owners, to the
extent that it does not affect the project schedule.

3.2.3 Demobilization

At the completion of project activities, sampling locations will be returned to near-original conditions
whenever possible. Effort will be made to minimize impacts to work sites and sampling locations. Following the
completion of work at a site location, drums, debris, and other waste will be removed. Decontamination areas
will be dismantled immediately after completing the RI.

3.3 Project Schedule

The projected schedule for field activities is provided as Figure 15 in the UFP-QAPP.
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4. Nonmeasurement Data Acquisition

The site physical characteristics including climate, topography, surface water hydrology, geology, and
hydrogeology are described in Worksheet #10 of the UFP-QAPP.
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5. Remedial Investigation Field Activities

Section 5 outlines the procedures to be followed during the Rl fieldwork. Fieldwork will be performed in Level D
personal protective equipment (PPE). If contamination or hazards are encountered that require increased health
and safety precautions, required changes will be discussed with USACE. The manufactured material of the
sampling devices (Teflon, polyvinyl chloride [PVC], and metal) discussed in the following subsections will be
appropriately selected to minimize interference with the chemical analyses being performed.

5.1 Standard Operating Procedures

The following standard operating procedures (SOPs) are provided in Attachment A of this FSP and present
specific instructions to complete the required field activities:

e Soil Boring Logging

e Monitoring Well Installation and Development

e Decontamination of Drill Rigs and Equipment

e Decontamination of Personnel and Equipment

e Low-flow Groundwater Sampling

e  Water Sample Collection for VOCs

e Water Level Measurements

e Conducting Building Surveys for Vapor Intrusion Evaluations

e Collection of Subslab Gas Samples Using SUMMA Canisters

e Collection of Subslab Gas Samples Using SUMMA Canisters — Alternate Method

e Integrated Ambient Indoor, Outdoor, and Crawl Space Air Sampling Method for Trace VOCs Using
SUMMA Canisters

e QOrganic Vapor Monitor

Laboratory SOPs are provided in Appendix B of the UFP-QAAP.

5.2 Utility Clearance

CH2M HILL will contact the Missouri one-call utility locate service (1-800-DIG-RITE) to request a dig ticket for
utility locate activities within the investigation area. The request will be made at least 2, but not more than
10 working days prior to mobilization. If onsite utilities cannot be marked by the one-call service, the utilities
will be verified through onsite utility maps. In the absence of onsite utility maps, soil boring locations will be
pre-probed with a utility probe. A minimum clearance of 3 feet will be maintained at sample locations from
underground utilities. Additionally, a minimum distance of 20 feet will be maintained from overhead power
lines. Dig tickets will be renewed if Rl work is not actively being conducted and the dig ticket is older than

10 working days or if work or weather has obliterated the original lines. A renewal is not required if Rl work is
actively being conducted onsite and the markings are still visible.

Onsite utilities and private utilities will be verified through onsite utility maps and through a private utility
locate using radio frequency techniques and ground-penetrating radar. An attempt to locate utilities beneath
the basement slabs will be performed at the residences, if given approval by the resident to do so. If utilities
under the basement slab cannot be located using the methods described above (or not granted approval by
the resident), the locations of the utilities will be estimated based on the locations of entry points, floor drains,
and cleanouts.
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5.3 Monitoring Well Soil Borings

Soil borings will be advanced using hollow-stem auger methods to facilitate installation of the colocated
shallow and deep overburden monitoring wells. The locations of the proposed colocated monitoring wells are
provided in Figure 10 of the UFP-QAPP. The USACE will submit the location to affected property owners, if
appropriate. Locations will be marked and utilities cleared before intrusive activities begin. Further discussion
of the RI groundwater investigation approach is presented in Worksheets #10, 11, 14 and 16 (combined), 17,
and 18 of the UFP-QAPP.

5.3.1 Soil Boring Advancement

Soil borings to facilitate installation of the colocated shallow and deep overburden monitoring well pairs will
be positioned as close to each other as possible (generally within 18 inches). The deep soil boring will be
advanced to the top of the overburden and weathered shale contact, and the shallow colocated soil boring will
be advanced to a depth that will allow the screened interval to straddle the water table. If feasible, the shallow
soil boring will terminate above the sand filter pack of the deep colocated monitoring well so that the screened
intervals of the colocated well pair do not overlap. Soil boring installation activities will conform to the
Missouri Well Construction Rules (10 Code of State Regulations 23-1.010 through 6.060).

The drilling rig will be set up and operated in accordance with standard drilling practices and in a manner
consistent with the safe and efficient operation of the equipment. To ensure a detailed description of
subsurface conditions, soil samples from the deep colocated borings will be logged continuously using the
Unified Soil Classification System in accordance with American Society for Testing and Materials (ASTM) D2488
(visual-manual method for field description). Soil samples will be continuously screened using a
photoionization detector and inspected for discoloration, staining, and odors. The soil boring log will include
observations relative to soil type, grain size distribution, changes in lithology, stained soil or chemical odor, soil
moisture, depth to the water table, total depth of boring, and photoionization detector screening results. Soil
borings will be advanced and logged in accordance with the SOPs for Soil Boring Logging and Organic Vapor
Monitoring (Attachment A). The drill rig and sampling equipment will be cleaned and decontaminated in
accordance with the SOPs, Decontamination of Drill Rigs and Equipment and Decontamination of Personnel and
Equipment. (Attachment A). IDW will be handled as discussed in Section 8 of this FSP.

5.3.2 Soil Boring Abandonment

In the event of refusal before the anticipated soil boring termination depth or other encumbrances prevent
the advancement of the soil boring, the soil boring will be abandoned in accordance with applicable State of
Missouri requirements, and a second soil boring will be attempted. Locations may be adjusted in the field with
USACE concurrence if soil borings cannot be advanced because of surface structures or
aboveground/underground utilities. An approved non-slurry bentonite (chipped or pelletized and hydrated in
place with potable water if in the unsaturated zone) will be placed from the bottom to the top of the hole
using the hollow-stem auger to emplace the bentonite. Abandoned soil borings will be checked 24 hours after
abandonment to ensure that no settlement occurred and that the materials cured properly. If settling has
occurred, non-slurry bentonite will be added to fill the hole to near-ground surface. Like surface materials will
be used to complete the upper 6 inches of the soil boring. The drill rig and sampling equipment will be
decontaminated in accordance with the SOPs, Decontamination of Drilling Rigs and Equipment and
Decontamination of Personnel and Equipment (Attachment A).

5.4 Monitoring Well Installation and Development

As discussed in the UFP-QAPP worksheets, colocated shallow and deep overburden monitoring well pairs will
be installed and screened at the overburden and weathered shale contact (deep monitoring well) and within
the unconsolidated overburden (shallow monitoring well). Figure 10 of the UFP-QAPP presents the locations of
the proposed colocated well pairs and Figure 16 of the UFP-QAPP presents construction details for the
colocated well pairs. Existing monitoring wells MW-107, MW-108, and MW-109 terminate at the
overburden/weathered shale contact, and their well screens are fully submerged. Therefore, shallow
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colocated wells will be installed next to each of the existing wells to assess groundwater conditions at the
water table. The colocated well pairs will be installed and developed in accordance with the SOP, Well
Installation and Development (Attachment A). IDW will be handled as discussed in Section 8.

Because of uncertainties associated with the depth to water northwest of the former Hanley Area, near PP-17,
and near the day care center, the deep monitoring wells will be installed first in order to collect static water
level measurements. The installation depth of the shallow wells will be based on water level measurements
collected at the deep wells.

5.4.1 Deep Monitoring Well Installation

As discussed in Section 5.3, hollow-stem auger drilling techniques will be used to advance the soil borings to
facilitate installation of the colocated well pairs. The deep monitoring wells will be constructed of 2-inch-
diameter, factory-manufactured, flush-jointed, Schedule 40 PVC riser and screen (0.01-inch machine slot size).
The well screen will be 10 feet long, and a PVC plug will be threaded onto the bottom of the well screen.

The annular space surrounding the well screen will be completed with a properly sized and graded, thoroughly
washed, sound, durable, well-rounded siliceous sand. The primary sand filter pack will extend from the bottom
of the borehole to within 1 to 5 feet above the well screen. For the purpose of this RI, the sand filter pack will
extend 2 feet above the well screen. The drilling subcontractor will use a weighted tape to monitor the depth
of the sand pack during placement. The filter pack will be allowed to settle before a final measurement is taken
of the top of sand. When using hollow-stem augers, the filter pack will be installed by slowly pouring the sand
into the annular space while simultaneously raising the augers and using a weighted tape to sound for the sand
surface. If the screen is set more than 25 feet into the saturated zone, the filter placement will be by tremie
pipe, unless hollow-stem augers will be used.

A bentonite seal will be installed atop the sand filter pack. The bentonite seal will consist of a minimum 2 feet
of bentonite chips or pellets. The bentonite will be poured into the annular space while slowly raising the
augers and sounding for the top of the bentonite with a weighted tape. The top of the bentonite seal will be
measured after it has been allowed to hydrate and before the annular seal is applied.

An annular seal will be placed atop the bentonite seal. The annular seal will be placed directly over the
bentonite seal and will extend from the bentonite seal to the base of the surface completion. The type of grout
used for the annular seal will consist of high solids sodium bentonite slurry, at least 20 to 30 percent weight by
solids. The grout will be pumped into the annular space in one continual operation using a side-discharge
tremie pipe.

The monitoring wells will be completed with flush-mount well protectors. The flush-mount well protector will
consist of a watertight well vault equipped with a cast-iron lid and aluminum skirt. A 2-foot-square by 4-inch-
thick concrete pad will be poured around the well vault. The concrete pad will be finished in such a manner
that surface water drains away from the well vault. The monitoring well riser will be equipped with a
watertight well cap (J-plug type) and lock keyed similar to other monitoring wells installed as part of the
investigation. The CH2M HILL geologist or engineer providing oversight of each monitoring well installed will
complete a flush-mount monitoring well completion form (Attachment A).

5.4.2 Shallow Monitoring Well Installation

As discussed in Section 5.3, hollow-stem auger drilling will be used to advance the soil borings. Based on
historical groundwater levels observed at monitoring wells MW-107 through MW-109, Missouri well
construction rules for shallow monitoring (defined in 10 Code of State Regulations 23-4.010 as a means for
obtaining groundwater samples from a monitoring well within 5 feet of ground surface) will apply at these
locations. Shallow monitoring well construction rules may also apply at the shallow wells northwest of the
former Hanley Area, near PP-17, and near the day care center, based on water levels measured at the
corresponding deep colocated wells or conditions observed during drilling the shallow well borehole.
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The shallow monitoring wells will be constructed of 2-inch-diameter, factory-manufactured, flush-jointed,
Schedule 40 PVC riser and screen (0.01-inch machine slot size). The well screen will be 10 feet long, and a PVC
plug will be threaded onto the bottom of the well screen.

The annular space surrounding the well screen will be completed with a properly sized and graded, thoroughly
washed, sound, durable, well-rounded siliceous sand. The primary sand filter pack will extend from the bottom
of the borehole to a minimum of 6 inches above the well screen. The drilling subcontractor will use a weighted
tape to monitor the depth of the sand pack during placement. The filter pack will be allowed to settle before a
final measurement is taken of the top of sand. When using hollow-stem augers, the filter pack will be installed
by slowly pouring the sand into the annular space while simultaneously raising the augers and using a
weighted tape to sound for the sand surface.

In accordance with Missouri well construction rules, monitoring wells constructed for shallow monitoring must have
a minimum combined annular seal and bentonite seal of at least 1 foot. To comply with this requirement, shallow
monitoring wells will be installed such that the top of the well screen is at least 2 feet below the top of flush-
mounted riser. The screened interval in each shallow well will be selected based on the water level observed in the
corresponding deep well in the colocated well pair. A bentonite seal will be installed atop the sand filter pack. The
bentonite seal will consist of bentonite chips or pellets. The bentonite will be poured into the annular space while
slowly raising the augers and sounding for the top of the bentonite with a weighted tape. The top of the bentonite
seal will be measured after it has been allowed to hydrate and before the annular seal is applied.

If sufficient room remains in the annulus around the well riser, an annular seal will be placed atop the
bentonite seal. The annular seal will be placed directly over the bentonite seal and will extend from the
bentonite seal to the base of the surface completion. The type of grout used for the annular seal will consist of
high solids sodium bentonite slurry, at least 20 to 30 percent weight by solids. The grout will be pumped into
the annular space in one continual operation using a side-discharge tremie pipe.

The monitoring wells will be completed with flush-mount well protectors. The flush-mount well protector will
consist of a watertight well vault equipped with a cast-iron lid and aluminum skirt. A 2-foot-square by 4-inch-
thick concrete pad will be poured around the well vault. The concrete pad will be finished in such a manner
that surface water drains away from the well vault. The monitoring well riser will be equipped with a
watertight well cap (J-plug type) and lock keyed similar to other monitoring wells installed as part of the
investigation. The CH2M HILL geologist or engineer providing oversight of each monitoring well installed will
complete a flush-mount monitoring well completion form (Attachment A).

5.4.3 Monitoring Well Development

Monitoring wells will be developed no sooner than 24 hours after installation. Each well will be developed by a
combination of surging the well screen and pumping the monitoring well using an electric submersible pump.
No air, detergents, soaps, acids, bleaches, or additives will be used during well development. A minimum of
five well volumes will be removed during development plus the volume of water introduced during well
installation. Well development will be continued until the required well volume is removed and the well water
parameters have stabilized in accordance with the SOP, Monitoring Well Installation and Development
(Attachment A). The monitoring wells also will be considered developed if the wells are purged dry.
Groundwater parameters measured during well development will be recorded on well development forms
(Attachment A). IDW will be handled as discussed in Section 8.

5.5 Monitoring Well Sampling

Groundwater samples will be collected from the existing and colocated well pairs using low-flow sampling
methods. These methods include techniques appropriate for low-recovery systems. A low-recovery system is a
system in which a stabilized water level cannot be obtained when pumping at a constant flow rate without
drawdown regardless of pumping rate or equipment type. Worksheet #17 of the UFP-QAPP describes the field
investigatio